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Spot test reactions on paper can be employed for the fast qualitative detection 
of very small amounts of inorganic ions 1. It is often very dificult, however, to find 
highly specific reagents for a given ion. Therefore even the qualitative results of 
spot test reactions become doubtful if interfering substances are present and previous 
separations become necessary, It is clear that utilization of spot test reactions on 
paper can be increased considerably if a rapid and selective separation from the inter- 
fering substances can be accomplished directly on the paper itself, e.g. by a short 
ascending chromatography. In this case a given ion could be recognized, both by a 
specific spot test reaction and by the characteristic RF value. For such a purpose 
chromatography on ion exchange paper seems to be particularly attractive, especially 
when the ion exchanger employed shows a high selectivity only for a few inorganic 
ions. Since ammonium molybdophosphate (AMP) is very selective ion exchange 
material for cations of large ionic radius2 such as Tl(I), Ag(I), Hg(1) and Cs(I), the 
possibility of employing AMP paper for very fast chromatographic separation of 
these ions followed by spot test reactions has been examined. For such a purpose the 
chromatographic behaviour of numerous inorganic cations on AMP paper has been 
investigated. 

EXPERIMENTAL 

Analytical @ocedawe 
Erba RI? products were used without further purification. Cu, Tl, Ag, Hg, Ni, 

Fe, Co, Pb, Sb and Bi were detected as sulphides; Cs, Rb, Na and Sr were detected 
radiometrically using 1%~~ 8aRb, 2sNa and %r as tracers. Li =and IC were detected by 
flame photometry while U and Eu were detected by their fluorescence as described 
in a previous pape9. Other ions were detected by the usual spot test reactionsl. 

Pre$aration of AMP-iwqfwegnated stri$s OY discs 
AMP-impregnated strips were prepared as described in a previous paper?. 

* This work has been support;ecl by the “Consiglio Nslzionalc dclle Ricorche”. 
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Paper discs with a. small spot of AMP in the centre were prepared in the following 
manner: 0.01 ml of a solution obtained by dissolving G g of AMP (Bio Rad Labora- 
tories) in 25 ml of 4 N ammonia solution were spotted on the center of a disc of 
Whatman No. I paper. The disc was dipped for IO min in a solution containing 25 g 

ammonium paramolybdate, 104 ml 65 o/o nitric acid and 638 ml distilled water. It 
was washed first in a solution of I N ammonium nitrate and then twice in distilled 
water. 

In Table I the chromatographic behavior of a large number of inorganic cations 
on AlMP paper is reported. A solution which was 7.4 &? in NH,NO, and L iV in ISNO, 
was employed as eluent. It can be noted that only Cs(I) ancl Tl(I) are strongly re- 
tainecl by AMP under these conditions; AMP paper can thus be employed with 
success for the selective separations of Cs(1) and Tl(I) ions from all cations examined 
and probably from many others. 

Table II shows the chromatographic behaviour of Cs(I), Tl(I), EIg(1) and Ag(1) 
when eluted with x i’U HN03 at various concentrations of NH4N0,. It can be seen 
that the separation Cs(I)-Tl(I) is improved at a high NH4N0, concentration while 
the opposite occurs for the I-lg(I)-Ag(1) separation. 

CHROMATOGRAPlJIC I3EHAVIOUR OF SOME INORGANIC IONS ON f%h’IP PAPElt 

Elucnt : 7.4 M NI-I,NO, in I M EINO,. 

Jon - 

0 -0.15 WI) 

0. I s-0.25 TIP) 

0.25-0.70 - 

0.70-OS0 I$@) ; A&I); Rb(1) 

0.50-r AI(III) ; IWII) : Be(I1) ; Bi(III) ; Ccl(11) ; CC(III) ; ce(Iv); ca(I1) ; co(II) ; c~JII) ; 
CUtI) ; cU(II) ; Dy(III) ; Eu(llI); I?e(IL) ; Fc(1I.I) ; Ga(III) ; Gcl(III) ; I_E~(II) ; I<(I) ; 
La(III) i Li(I); Lu(III) ; Mg(I1); Mn(I1); Mo(VI); Nn(I); Nd(III); Ni(II); pb(11); 
Pd(I1) ; Sb(III) ; S!n(III) ; Sn(Il) ; Sn(IV); Sr(TI) ; *rb(III) ; Tc(TV); Th(lV) ; 
WIW ; T1V.I) ; UO,(II) ; V(V) ; Y(II1) ; Zn(II) ; %r(I\r) 

TABLE II 

xp VALUES OF &(I), T](I), I-Ig(I) AND &(I) ON kli!qP PAPER 

Eluent : NI-IdNO, at various concentrations in I n/1 I-INO,. 

lO)Z NN,NO, WaoEavily 

0.X 0.5 I 3 5 7-4 I.5 

cs 0.0 0.0 0.0 0.10 0.10 0.13 0.23 
Tl 0.0 0.0 0.02 o.oG 0.13 0.20 0.40 
w! 0~15 0.40 0.41 0,5s 0.68 0.75 0.81 
Ag 0.46 0.63 o.G5 oe73 0.74 0.76 0.8C 
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TABLE III 

CWROMATOGRAPWIC BEWAVIOUR OF SOME INORGANIC IONS ON AMP PAPER 

Elucnt: 0.5 M NE14N0, in I M I-INO,. 

Rp range Ion 

0 -0.05 Q(I) ; TI(1) 

0.05-0.40 - 

0.40-0.45 I-WI) 

0.45-o&0 - 

o.Go-0.65 

0.65-0.75 

0.75-1 

.Ag(I) 

Au(II1) 

13a(II) : Ca(Ir) i ca(II) ; Ce(III) ; co(lI) ; Cr(III) ; Cu(II) ; Dy(llI) ; ~~(111) ; F~(~I-J’) ; 
Gd(III) ; I%(II) ; La(III) ; Li(l) ; M&II) ; Na(1) ; Ni(lI) ; pb(lI) ; Th(IV) 

Table III shows the chromatographic behaviour of some ions when developed 
with 0.5 M NH,N03 solution in I M HNO,. Also in this case the concentration of 
NH4N0, is high enough to displace most of the ions examined to the front or near it; 
furthermore a sharp separation of Tl(I), Ag(I), Hg(1) can be obtained. 

S$ot test deter&nation of 22(I) on fL?ter@a$er and AMPpa$er 
In concentrated solutions of chlorides, Tl(1) gives a strong fluorescence (J., = 

247 mp; ilf = 475 mllc> due, according to MAKISHIMA et aLb, to the formation of 
the chlorocomplex TlCl,-. The fluorescence of this complex can be utilized to detect 
Tl(1) on filter paper. For this purpose a drop of the solution to be examined is spotted 
on the filter paper, then a concentrated solution of CaCl, is sprayed on it. After drying 
the filter paper by a current of hot air a blue fluorescent spot can be observed under 
U.V. light if Tl(1) is present (identification limit 0.2 ,ug; dilution limit I :IO*). If an 
analogous procedure is carried out on AMP paper a yellow-green fluorescence is 
observed*. 

As the selectivity of AMP for Tl(1) is very high, it is possible to obtain concen- 
trated spots of Tl(1) from dilute solutions of Tl(1). For such a purpose the tip of a 
micropipette containing the Tl(1) solution is put on the AMP paper and a relatively 
large volume of this solution (I0 -2 to 10-1 ml) is allowed to be slowly absorbed by 
the paper. Tl(1) is thus concentrated in a very narrow zone and the dilution limit of 
Tl(1) can be lowered to I: IO 8. However, on AMP paper Tl(1) is partially oxidized to 
Tl(II1) in the presence of chloride ions; a dark-blue spot is thus formed due to a reduc- 
tion product of AMP. This reaction is very similar to that of Tl(1) with phosphomo- 
lybdic acid and hydrobromic acida and can be utilized to detect Tl(1) if no other 
reducing ions are present. 

Many inorganic ions may quench the fluorescence of Tl(1) or may reduce AMP 
giving dark spots. In Table IV the per cent of quenching caused by IOO pg of some 
inorganic ions on 50 pg of Tl(1) is reported. Some strong reducing ions giving dark 
spots are. also reported in this table. 

* Tl(1) fluorcsccncc on AMP paper is enhanced if nitrate ions arc present. 
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TABLE IV 

PERCENT QUENCHING BY IO0 &lg OF VARIOUS IONS ON THE FLUORESCENCE OF 50 /Ag OF Tl(1) 

Qtrencking (%) 

o- IO Li(I) ; Na(I) ; I<(I) ; Rb(1) ; Cs(1) ; Ag( I) 
IO- 50 Ca(I1) ; Sr(I1) ; Ba(I1) 
50- 80 I-I&II) ; Ni(I1) ; Co(IT) 
80-100 Fe(III); Cr(II1) ; Tl(III) ; Cu(1)“; Sn(II) *; ~~(11) * 

* Dark-blue spots, clue to reduction of AMP, are formed. 

These data show that even low concentrations of interfering substances interfere 
strongly; however, as already shown, Tl(I) can be easily separated from all exa- 
mined interfering substances by chromatography on AMP paper. The spot test proce- 
dure using AMP discs can be carried out as follows: the tip of a micropipette con- 
taining the solution to be examined is put in the center of the AMP spot and z l IO-~ 

to 10-2 ml of solution are allowed to be adsorbed by the paper. To separate Tl(1) 
from interfering substances the tip of a capillary containing a 0.5 M NH,NO,-I AJ 
HNOs solution is then put at the center of the AMP spot until about 0.1 ml of this 
solution is absorbed by the paper*. Then the tip of another capillary containing a 8 M 
CaCl, solution is placed on the AMP spot until about 0.1 ml of this solution is ab- 
sorbed. A dark spot is formed if Tl(1) is present. Under U.V. a yellow-green fluorescence 
is observed. When ions giving insoluble chlorides are not present in the solution to be 
examined, the test described can be further simplified by eluting the interfering sub- 
stances directly by an NH*NO, solution containing Cl- ions. It was found that 
a solution 3 AL? in NISBN03, 5 M in NH&l and 4 il& in CaCl, gives satisfactory re- 
sults. The test can be carried out in a very short time (less than 60 set) and has 
been employed with success to detect Tl(1) in various complex mixture of inorganic 
ions. Tl(I), after separation from the interfering substances, could be eluted from 
AMP paper and determined quantitatively in solution by fluorescence. However, 
difficulties are encountered in the elution since Tl(1) is strongly retained by AMP. 
To overcome this difficulty Tl(1) can be oxidized to Tl(II1) by a dilute KC103 solution 
in 6 N I-ICl and, after elution, again reduced to Tl(1) by hydroxylamine in ammonia 
solution. This procedure however is too long and is diffkult to standardize; thus Tl(1) 
determination on AMP paper gives real advantages over other conventional methods 
only if rapid qualitative or semiquantitative data are required, 

S$ot test detection of IzIg( Ag(I) and G(I) 
As can be seen from Tables II and III, AMP paper can be employed also for 

separation of Hg(I), Ag(1) and Cs(1) from interfering substances. In this case too the 
ions, after chromatographic separation, can be detected by conventional spot test 
procedures and recognized by their characteristic Rp value on AMP paper. Since 
AMP paper is very selective towards Cs+ (Ref. z), AMP paper can be used to obtain 
concentrated spots of this ion. For such a purpose the end of a strip of AMP paper is 

l Only Cs+ ion is not well separated from Tl(I) by this procedure. I-Iowever, this ion, as seen 
in Table IV, is not an interfering substance of Tl(I) fluorescence, 
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dipped into the solution containing traces of Cs(1). The Cs ion remains concentrated 
in a very sharp zone of the AMP paper near the immersed extremity. 

SUMMARY 

Spot tests for Tl(I), Ag(I), Hg(1) and Cs(I), in the presence of interfering 
substances, have been carried out after a very fast chromatographic separation on 
paper impregnated with ammonium molybdophosphate. The time required, in some 
cases, is less than 60 sec. The chromatographic behaviour of several inorganic ions on 
AMP paper is also reported. 
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