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Note 

Ninhydrin-collidine as a sensitive reagent for the detection of the 
ammonium ion on pherograms 

Many of the reagents which have been clescribecl for the detection of the 
ammonium ion, NH4+, after its separation on filter-paper, are not of a high order of 
sensitivity, only a few giving visible reactions with NH,,+ in submicrogram quantities, 
In a comparative stucly of several reagents, Hmsrc rwD Por,tr-\Izr9 found clinictl~yl- 
aminobenzylidinc rhodaninc to lx tlic most scnsitivc, giving a dctcctable reaction 
with approsimately o.G ,LC~ of NH,+. 13ut for other reagents-charin, lead cobalt 
nitrite, quinalizarin, and violuric acid- they found ten times this amount of NH.,+ 
or more to be necessary. 

For the clctcction of NI-I’,+ on paper clwomatograms using sodium cobalti- 
nitrite, STxrx.2 rcportccl that at least 5 c&g of the ion was required, while IhA@, 
using Nesslcr’s and other reagents, noted that NH,,+ was detectable only when 
present on papers in “high concentrations”. The silver nitrate-z,ti-dichlorophenol- 
indoplwnol reagent of 13~1~;r;~n~s cb ~1.4 was used by tllem for the detection of IO pg 
of NI-14+ cm paper cllromatograms. Dipicrylamine appears to lx much Icss sensitive 
than any of the above rcagcnts, but a procedure 11as been described involving its use 
as a spot-test rcngent for N1-I;~~ on iiltcr-paper3 r. It is reported to require zoo ,~g of 
NH4+ for a positive test. 

Altlwugll ninhyclrin is’s sensitive reagent for NH,+, its use for locating NH,,+ 
on paper cllromatograms seems to have hen avoided, probably because of its lack 
of spccilicity. However, tile ninhyclrin dip and spray reagents commonly prescribecP7 
for the detection of amines and amino acids are of USC in locating NH,+ on pllcro- 
grams(J-*(I, the lack of specificity of ninhyclrin being less of a disadvantage in the 
paper electrophoresis of NH;. I because the cliaracteristically high cationic mobility 
of this small ion ensures tllat it separates widely from most other ninhydrin-reactive 
compounds. The usual ninllydrin reagents give a weak pink reaction with tracts of 
NH,,-‘- but it has now been founcl that tllc sensitivity of ninhyclrin to NH,+ is enllancecl 
in the presence of y-coIIiclinc which promotes a strong blue reaction, the limit of 
detection being about 0.02 ,ug of tlw ion per cm2 of spot area. The sensitivity of tile 
reaction therefore compares favourably with the most sensitive of the tests described 
by FIIIGL~~ for NH,,+. It is also shown that when the reagent is usccl in conjunction 
with paper electropllorcsis as a test for NI-Id*, a high order of specificity may lx 
achicvcd. 

Mntcrinls. The alkali rnctal acetates and the amino acids and amines Iistcd in 
Table I were commercial samples of analytical grade, The amino acids were prepared 
for use as o,oz-M solutions in water ancl the amincs and alkali metal salts as 0.142 
solutions. Ammonium acetate (IL Merck, Darmstadt) was dissolved in glass-distillecl 
water to give a O.I-M stock solution which was diluted as required for testing the 
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Compounds wcrc clctcctctl with tlic ninh,yclrin-colliclinc rcagcnt la ikftcr pnpcr clcctroJ~liorosis at 
21 V/cm for 20 rnin using 0.05 &I potassium acctntc in 2&l formic acid iLH clcctrolytcO 
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1% Nf-14+ migrntcs at tlic rate of 27 cm/h/ltV of appliccl Jxdcntirrl. 
IJ tlvclrwinc is more rcatlily clctccLct1 with chromium trioxiclc-pcrmnngnnatc-sulphuric 

ncitllfi. I-IyArosylaminc is tlic only otlicr cornpom~tl liutcd which also rciLcts with this rcnycnt, 

sensitivity of the ninliydrin rcagcnt. T11e test mixtures were prepared from the 
ammonium acetate stock solution diluted Ioo-fold; the other substances (potassium 
acetate and the amines) were dissolved in separate aliquots of this ammonium 
acetate solution to give 0.1-M solutions of each. 

EZectvol_ytes, The following electrolytes were used: (a) A solution, p1-I 2.0, con- 
taining (0.75 M) formic acid and (I M) acetic acid12; (b) a solution, pH 2.0, containing 
(2 M) formic acid and (0.05 M) potassium acetate. 

S$m,v rcclgcA The spray reagent13 was prepared by dissolving (0.4 g) of nin- 
hydrin in 95 ml of isopropanol and then adding 5 ml of y-collidine (z,4,G-trinrethyl- 
pyridine), 

Ay!$~nralt~s mui procctlurc. The enclosed-strip paper electrophoresis apparatus 
and procedure are described in detail elsewhere 7. Whatman No. 4 paper was used 
arlcl test solutions applied in line across the middle of paper strips by means OF a 
platinum loop delivering 1 111, Caffeine was usccl as marker for zero migration without 
serious error? ancl the rates of migration of amino acids and amines calculated 
relative to that of NH,,+ applied to the same paper (MA values). 

Electrophorcsis was allowecl to proceed for IS-zo min at about 21 V/cm, the 
tcmpcrature of the paper strips being maintained at about 20’~ Under these con- 
ditions NHdk migrates at the rate of a.bout 27 cm/h/kV of applied potential. 

The papers were dried in the oven at 100~ and heated for a further 5 min to 
remove most of the acicl electrolyte, Caffeine was located as a dark blue spot under 
a Hanovia Chromatolite ultraviolet lamp and the papers treated with the ninhydrin- 
collidine spray rcagcnt. For best results with this reagent, papers should be sprayecl 
(both sides) at the rata of about 5 ml of reagent per IOO cm2 of paper area ancl then 
heated in the oven at 100’ for 4-5 min. 

The ninhydrin-collidine reagent described in the Expcvi~~~s~ttal section was for- 
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11lUhtd by ~~~13CI-II~~-~~Il~C~I~~~l~‘~3 as a polycl~romntic spray rcagcnt for amino 
acids on paper clironiatograms. It was found in the present work to give nil easily 
perceptible blue reaction with as little as 1 nmolc NH,+ subjected to paper elcctro- 
phoresis under the above conditions in electrolyte (a) containing formic ancl acetic 
acids at 1~11 2. (An acid electrolyte of’ relatively low 1~1-1 is required to retain tracts 
of NH,+ on the pherograms during the process of heating to dry them.) Unfortunately, 
tile reagent also reacts wit11 alkali metal ions, as do the common ninllyclrin reagenW, 
and Gross*” has alrcacly wnrnccl about the possilAlity of confusing NI-I4+ with I<+ 
cm pherograms, as the two ions have very similar mobilitics. 

The colour reaction given by Ii+ (and other alkali metal ions) with the nin- 
hydrin-collicline reagent is compnrativcly weak, however, and it was found that 
small amounts of potassium salts could bc incorporated in electrolytes without 
seriously increasing the intensity of the background colour of the treated pherograms. 
As espectecl, I<-’ in test solutions subjcctecl to clectroplioresis in K-~-containing 
electrolytes was not subsequently cletectccl on the phcrograms, nncl for tllis reason 
electrolyte (11) containing (0.05 ill) potassium acetate in 2 M formic acicl was founcl 
to be useful for the unequivocal identification of traces of NI-14-10 present in mixtures 
containing I<-‘- in relatively great cscess. For csample, 1 t4l of test solution containing 
(IO-~ M) h’I$,+ and 0.1 AI I<-‘- was subjectccl to clcctropl~oresis under the standarcl 
conditions in electrolyte (1~) and NI-14+ (I nmole) subsequently detected us a small 
undistorted blue spot on a paler blue background; I<+ appliecl separately on the snmc 

paper as r?. 0.1~ilf solution gave no reaction which w;s cletectable against the lx~lc- 
ground. 

Some amines and amino acids also react with the ninhydrin-collidinc rcngcnt 
to give blue spots on pl~erogratns but of tllose tried, none interfered with tile sepa- 
ration or identification of NH,,+. Of the common amino acids, the most cationic arc 
the basic ones, ornithine, lysine and arginine but, as shown in Table I, their mobilities 
in electrolyte (b) are less tllan half that of NI-14’. Some of the amines, however, hnvo 

mobilities approaching that of NH,+ and, of tllesc, ethylcnc cliaminc is most likely 
to be confused with it, but tests showecl that NH.,.+ in solutions containing each of 
the amines, including etl~ylenediaminc, in Ioo-fold molar excess could be separated 
cleanly under the standard conditions of electropllorcsis and 1-3 nmole amounts 
could easily be detected. It is noteworthy, llowevcr, that the clean separation 01 
traces of NH4+ from ethylenediamine in electrolyte (a) is difficult, if not impossi.lh 
to achieve because the latter migrates in this electrolyte as an “inverted comet”. 

Electrolyte (a) has been recommended for the separation of amino acids’” and, 
if required, it is conveniently used for the simultaneous separation and iclentitication 
of NH4+ when I<-’ or ethyleneclinmine are not also present in experimental solutions. 
Electrolyte (b) is of value for the unequivocal identification of traces of (NM,)+ in 
the presence of these interfering substances. The ninhydrin-collidine reagent can be 
used wit11 advantage on pherograms run in either electrolyte, but it is of interest tl1a.t 
the ordinary reagent, (0.5%) ninhydrin in acetoneu, applied to pherograms run in 
electrolyte (b) gives a reaction with NH,,+ which compares in intensity with that of 
the collidine reagent. It appears that the K-t. on these pherograms sensitizes the 
NH,-I.-ninhyclrin reaction in much the same way as collidine does. Tllis sensitization 
also works in a converse fashion as can be shown by separating K-b in an acid elec- 
trolyte containing NH, +, The spot of I<’ detectecl with the ordinary ninhydrin 
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reagent is much more intense than in the absence of background NH4+. The detection 
of other alkali metal ions, Na+ and Li+, is facilitated in the same way, and this 
finding lencls support to the suggestion of GROSS “Jo that the interaction of this group 
of ions with ninhydrin may be mediated by nitrogenous or other impurities in the 
paper. 

Rcccivcd Novemlxr Gth, 1972 


