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CHROMATOGRAPHY OF METAL CHELATE COMPLEXES.

IV. COMPLEXES OF Fe(l11), Cr(lll) AND AI(I11) WTH
NITROSO-R-SALT

A new method of chromatographic paper was - elaborated
of separating a mixture of cations: Fe(llIl), Cr(Ill) and
AIl(IIl) from a medium containing nitroso-R-salt (NRS) as a
complexogenic agent.

Nitrosonaphtals are known and often used in chemical analy-
sis reagents which chelate and form complexes with metal ions
[1, 2], Bisodiura 1-nitroso-2-hydroxy-naphtalene-3.6-bisulphonate,
called nitroso-R-salt (NRS) belongs to this group. Thanks to the
presence of hydrophile sulphonate groups it is soluble in water
and is very active in relation to metal ions contained in aque-
ons solutions. NRS is a known specific reagent wused in colorime-
tric determination of cobalt [2-6], forming with it a coloured
chelate, also stable in acidic media [6, 7], NRS also forms cha-
racteristic chelate complexes with metals such as: Fe(ll) and
Fe(lll) [4, 7-9], Cr(I1l) [4, 10, 11], Th(Vv) T[4, 7], Ni(ll)
[7]1, wvo2(I1)[12], Cu(ll[4], Zr(1V)[13], Pd(Il) [14] and oth-
er platinum metals [15-17]. According to Sangal[4], NRS is a
reagent gitirticularly suitable for the determination of Pd(Il)
In the precence of other platinum metals, e.g. Re(lll) and
Rh(lll), since with NRS they form complexes only at higher tem-
peratures. Reactions of NRS with trivalent metals are relati-
vely poorly known. Among three interesting for us ions i.e.



Fe(lll), Cr(lll) and AI(IIl) only the system Fe(lll)-NRS-
-HgO was the object of studies of some workers [9, 18], Oka and
Miyamoto [18] established In this system the-formation of a
green very strong complex Fe(NRS)j with the stability constant
P-j m 23 (25°), Dean and Lady [19] and Quast
[20] wused NRS In the determination of iron. Data on Cr(lll)
complexes is very scarce. Some workers [10, 11] dearly point out
the fact that due to the. formation of complexes with NRS.
Cr(lll) interferes in the determination of cobalt and palla-
dium by the method U3ing nitroso-R-salt. The system AI(II1)-NRS-
-K20 has not been Investigated. Attention has been drawn in this
paper to differences in complex forming properties of NRS in
relation to Fe(llIl), Cr(lll) and AI(IIl) ions, to different
conditions of complex formation and their different prorerties,
and then these differences were wused to distinguish among the
mixture ofmions investigated by paper chromatography.

Experimental

The main equipment reagents and study method were described
previously [21-23]. In experiments we also basically used 0,05 M
aqueous solution of nitroso-R-salt Cir)H”*OH )(SOjNa)j>NO prepared
from a reagent-pure for analysis (POCh-Gliwlce). Chromatographic
measurements were made by the method of one-direction ascending
papep chromatography on strips (20 x 6 or 20 x 8 cm): fitrak
No 389, Whatman No 2 and Whatman No 2 impregnated with hydro-
phobol IW. Hydrophobol «IW (formula Ill) is a cation active
compound as a product of condensation of stearin chloride .with
sextamethylenetetraamine wund piridine. The impregnation of paper
was done as follows. An adegnate weight portion of hydrophobol

was crushed and then ground In a mortar with a small quantity
of distilled water at the temperature of 40°C and then dillated
with water to the volume of 400 cm3. The obtained suspension
was forced throngh a dense cloth and water was added to the
volume of 1000 cm . The prepared solution- was poured . into a

glass tub with the dimensions 10 x 4 x 4 cm and after the so-
lution reached the temperatura of 20°C strips of paper were



dipped into the solution, and then they were hung to freely
dry. The strips covered with a film of hydrophobol were dried
at room temperature for 24 hours.

Results of experiments and discussion

Characteristic properties of complexes forming In the
systems Me(l11)-NRS-H20

It was stated by a method of pH-metric titration that colou-
red complexes form in the systems Fe(ll1)-NRS-H20 and Cr(Ill)-
-NRS-H20. In the first system a red complex is formed at pH -
m 1.0-2.5 and it turns green a greater pH values. In the se-
cond system an orange complex forms only at the solution whole
range of pH. Absorption spectra shown In Fig. 1-5 confirm these
observations. They gave more evidence for the complexing reac-

tions running also in the system A1(IIl)-NRS-H20. Absorption
soectra of nitroso-R-salt shown In Fig. 1 indicate that this
reagent exiBts in two forms | and |Il, depending on the me-
dium  pH.
| | 11

Phenol form | which dominates in acidic and neutral me-
diums is yellow and has the bands A ¢ 222, 270 and 375 nm. Qu-
inooxime form 11, which dominates in alkaline medium has charac-

teristic green colour and a band X ¢ 430 nm. According to da-
ta from Fig. 2-5 spectra of aquocomplexes Fe(lIll), Cr(Ill) and
AIl(II1) undergo distinct changes after the addition of NRS.
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Fig. 1. Absorption spectra of 1 x 10'3 M aqueons solutions of nl-

troso-R-salts in the UV(a) and visible (b) region, pH of solu-

tions: curve 1-0, 2-20; 3-15;, 4-2.0; 5- 2.5} 6 -
3.0y 7- 40, 8-50;, 9-6.0

Absolutely new absorption bands form in these systems indica-
ting occuring complexing reactions. The formed complexes be-

long to chelate complexes and can be 'described by general
formula IV or V.
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Fig. 3. Effect of pH on the spectrum of 1 x 10'5 M aqueous solution of Fe(0104)3 in the
presence of 1 x 10-4 M aqueous solution of nitroso-R-salt. pH: 1- 2.0; 2 - Ui : 3 -
6.0; h-7.0; 5*80; 6+ 9.0; dm=m1cm
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Chromatographic separation of a mixture of Fe(lll),
Cr(lll) and AI(IINl) lons from a medium containing
nltroso-R-aalt

Calculated and measured volumes of titrated solutions of
AIl(IIN), Cr(ltl) and Fe(lll) salts were mixed at the ratio Me:
I m 1:2; 1s10 or 1:30 and then in aim to form a Cr(lll) com-
plex the prepared solutions were boiled for 3 minutes. During
boiling the green iron complex Fe(NRS)j looses its colour since
according to BorkowskiJ and Sojtonienko [a] and Toloma-
c2ev and Baszkinskil [9], this complex decom-
poses at the temperature of boiling. In our experiments we es-
tablished that after some ten hours of storage of such solut-
ions the complex forms again and is stable at room temperature.
For these reasons all the prepared and boiled solutions were
left for 12 hours to obtain equilibrium state. Solutions of com-
plexes prepared in such a way were applied outo the paper at
Initial line.

Table 1 and Fig. 6 show data illustrating the varying va-
lues of Rp coefficients as function of the hydrophobol IW con-
centration in the solution used to impregnate paper strips. From
these data it follows that the greatest differences, in Rp va-
lues for investigated ions are obtained at the hydrophobol IW
concentration of 2 g/dm3. At such a concentration of hydropho-
bol IW in the impregnating solution the Rp values are: Fe'+-
0.97; Cr3* - 0.84; AI3* - 0.22.



Table 1

Values of coeffitients RF for Me(lll) ions
as function of hydrophobol concentrations in solution use
to impregnate strips of Whatman No 2 paper} pH m 6

Hydrophobol concentration IW g/cm3
Me(ll1) 0 1 2 3 4 5 6

Rp coeflcients

Fe(lll) 1.00 1.00 0.97 0.89 0.87 0.85. 0.85

cr(iiy 397 090 084 082 081 079  0.79

Al (111) 0.2a 026 0.22 020 0.20 0.20  0.20

Fig. 6. Veriations of the values of coefficients Rp for Me(lll)
ions as function bf hydrophobol IW concentration in the solu-
tion used to impregnate paper strips. Evolution time 2 hours



Fig. 7. Rp values for complexes of Me(lll) and nitro-R-salt as
function of solution pH: a) tfhatrnan paper No 2; b) paper impreg-
nated with hydrophobol IW (2 g/dm3)} «c¢) filtrai paper No 339



Fig. 7 shows variations of Rp values for the investigated
complexes as function of solution pH for the three investigated
carriers. It follows from the comparison of obtained curves that
the greatest differences among the Rp. values are obtained using
filtrak paper (Fig. 7c) within the pH range of 6-10. Whatman 2
paper impregnated with hydrophobol IW also presents conditions
satisfying the separation of all three cations within the pH
range of 3-12 (Fig. 7b). In this case eg. for pH - 5 the Rp
values are: Fe3+ - 0.97, Cr3+ - 0.94 and AI5* - 0.35.

Table 2
Values of coefficients Rp for complexes of Fe (II1),

Cr (Ill) and AL (Ill) determined in the system
Me (IID-nitroso-R-salt-HjO on various papers

Numeric values F":

pH whatman paper No 2 Filtrak paper
whatman paper No 2 Irﬁyéfgﬁﬁé%%lwl{/bh No 389
(2 g/dia3)

Fe Cr Al Fe Cr Al Fe Cr Al
1 1.00 0.97 1 0.95 0.87 0.92 0.14 0.97 0.97
2 1.00 0.97 0.85 0.96 0.86 0.73 0.17 0.97 0.40
3 1.00 0.97 0.40 0.97 0.85 0.50 0.19 0.95 0.32
4 1.00 0.97 0.35 0.97 0.84 0.45 0.21 0.90 0.30
5 1.00 0.96 0.30 0.97 0.84 0.40 0.30 0.85 0.22
b 1.00 0.95 0.28 0.97 0.84 0.22 0.30 0.80 0.14
7 1.00 0.95 0;25 0.97 0.84 0.22 0.30 0.80 0.10
8 1.00 0.95 0.22 0.97 0.85 0.22 0.30 0.80. 0.10
9 1.00 0.95 0.23 0.97 0.86 0.22 0.30 0.80 0.10
10 1.00 0.95 0.22 0.96 0.86 0.30 0.30 0.82 0.10
11 1.00 0.95 0.30 0.96 0.86 . 0.43 0.32 0.82 0.19
12 1.00 0.95 0.74 0.96 0.86 0.45 0.50 0.89 0.40
13 1.00 0.95 0.80 0.96 0.85 0.69 0.60 0.90 0.70
14 1.00 0.95 0.84 0.96 0.86 0.7 0.70 0.90 10.80
Fig. 8. gives some illustrations of obtained chromatograms
which show that the above two cases yild full separation and

the contours are sharp.



Pig. 8. Examples of chromatograms in the system Me IIl -nitroso-

-R-salt-HjO i paper W-1; pH m 6; 2-impregnated paper (2 g¢g/dm3)

pH - 6; 3-irapregnated paper (6 g/dm3) pH ¢ 6; “-impregnated pa-

per (2 g/dm3); pH m 14; 5-filtrak 389» pH * 6; 6-filtrak 389;
pH m 4; 7-filtrak 389; pH » 2.5; way of solvent 15 cm
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CHROMATOGRAFIA KOMPLEKSOW CHELATOFYCH METALI.
IV. KOMPLEKSY Fe(l11), Cr(I11) i AI(Il1l1) Z NITROZO-R-SOLA

Opracowano nowg metode rozdzielania mieszaniny jonow Fe(lll),
Cr(l1l) i AI(I1l) opartag na chromatografii bibulowe]j kompleksow
tych metali z nitrozo-R-solg. Wykazano, ze nitrozo-R-sél tworzy z
badanymi kationami kompleksy posiadajace wtasne pasma pochtania-
nia oraz rdznigce sie parametrami chromatograficznymi. RoOznice te
sag na tyle duze, ze pozwalajg na petne rozdzielenie mieszaniny Jo-

néw w procesie chromatografii bibutowej.

fiaHHa MacjioBcita, BaiytaB 3aK*3BCKH

XPOLATOrPA'I><IMECK"3  AHAHH3
KOHTUIEKCIEtt XEJIATHMX  COEir*HEfCtf METAJUIOf.

IV. KOICUIEKCHAE COET/IHEHIIH Fe(I111), Cr(Ill) » AI(III)
C HHTP030-B.-CQIIbOM

B padote pa3pa60TaH HOBhit KpoMaTorpaJiKHecKHit weroj; Ha OyMare
pa3JiejneHHH CMecH KaTHOHOB: Fe(lI11)Cr(l1l1) h AL1(II1)h3 cpejiu co-
nepxa:neit HHTpo30-R-cojtb, nax KOMrweKcyromH# areHT. ycTaHOBJieHO, mio
H«Tp030-R-c0”b cocTaBJiaeT KOMnjieKCHhie coegHHeHHH b boghom pac-
TBope € HonaMu Me(I11). KoMiuieKCHwe coeAHHeHHa aMewT coOcTBeHHbie
no/iocu cnentpo nornomeHHfl, a Tawse OTjtHuaioTca ApyrHMM BejiHiKHaMu
KO03i}y$HUHeHTOB U “pyTKMH xpOMaTOrpait>H*ieCKHMH BejlIHMHHaMH no onpaB-
HeHHK) C  CBOfiOflHUMH HOHaMH MeTajUIOB  Me3*. ETH pa3HHUH  nO3BOJIHIOT

Ha nojiHbie pa3,gejieHHe cMecH Ha Ovyuare.

tD
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Fig. 7 shows variations of Rp values for the investigated
complexes as function of solution pH for the three investigated
carriers. 1t follows from the comparison of obtained curves that
the greatest differences among the Rp values are obtained using
filtrak paper (Fig. 7c) within the pH range of 6-10. Whatman 2
paper impregnated with hydrophobol IW also presents conditions
satisfying the separation of all three cations within the pH
range of 3-12 (Fig. 7b). In this case eg. for pH m 5 the Rp
values are: Fe3+ - 0.97, Cr3+ - 0.94 and AI3* - 0.35.

Table 2
Values of coefficients Rp for complexes of Fe (IIl),

Cr (I'll) and AL (Ill) determined in the system
Me (Ill)-nitroso-R-salt-H20 on various papers

Numeric values RF

i et i e g
whatman paper No 2 h;rl)drgphobol W 0
(2 g/dta3)

Fe Cr Al Fe Cr Al Fe Cr Al
1 1.00 0.97 1 0.95 0.87 0.92 0.14 0.97 0.97
2 1.00 0.97 0.85 0.96 0.86 0.73 0.17 0.97 0.40
3 1.00 0.97 0.40 0.97 0.85 0.50 0.19 0.95 0.32
4 1.00 <5.97 0.35 0.97 0.84 0.45 0.21 0.90 0.30
% 1.00 0.96 0.30 0.97 0.84 0.40 0.30 0.85 0.22
b 1.00 0.95 0.28 0.97 0.84 0.22 0.30 0.80 0.14
7 1.00 0.95 0;25 0.97 0.84 0.22 0.30 0.80 0.10
8 1.00 0.95 0.22 0.97 0.85 0.22 0.30 0.80. 0.10
9 1.00 0.95 0.23 0.97 0.86 0.22 0.30 0.80 0.10
10 1.00 0.95 0.22 0.96 0.86 0.30 0.30 0.82 0.10
11 1.00 0.95 0.30 0.96 0.86 . 0.43 0.32 0.82 0.19
12 1.00 0.95 0.74 0.96 0.86 0.45 0.50 0.89 0.40
13 1.00 0.95 0.80 0.96 0.85 0.69 0.60 0.90 0.70
14 1.00 0.95 0.84 0.96 0.86 0.7 0.70 0.90 0.80
Fig. 8. give3 some illustrations of obtained chromatograms
which show that the above two cases yild full separation and

the contours are sharp.



Fig. 8, Examples of chromatograms in the system Me IIl -nitroso-

-R-salt-HoO i paper W-1; pH - 6; 2-impregnated paper (2 g/dm3)

pH « 6; 3-impregnated paper (6 g/dm3) pH = 6; 4-impregnated pa-

per (2 g/dm3); pH - 14; 5-filtrak 339; pH m 6; 6-filtrak 389;
pH - 4; 7-filtrak 339; pH e 2.5; way of solvent 15 cm
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CHROMATOGRAFIA KOMPLEKSOW CHELATOrfYCH METALLI.
IV. KOMPLEKSY Fe(l11), Cr(I11) i AI(Il1l) Z NITROZO-R-SOLA

Opracowano nowg metode rozdzielania mieszaniny Jonéw Fe(lll),
Cr(l1) i AI(IIl) opartg na chromatografii bibutowej kompleksow
tych metali z nitrozo-R-solg. Wykazano, ze nltrozo-R-s6l tworzy z
badanymi kationami kompleksy posiadajgce witasne pasma pochtania-
nia oraz rdznigce sie parametrami chromatograficznymi. RéOznice te
sa na tyle duze, ze pozwalajg na petne rozdzielenie mieszaniny Jo-
now w procesie chromatografii bibutowej.

flaHHa MacJioBCKa, BaiytaB 3aK*oBCKH

XPOMATOrPA'LIMECKVET ~ AHAJIH3
KOMUHEKCHax XEJIATHVIX ~COEfIHHEHf.! METAJUIOB.
IV. KOMTUIEKOHJE COEWHEHUH Fe(111), Cr(ll11) u AI(II1)
C HATPO30- R- COIIbOM

B paOOTe paapa6OTaH HOBbirt xpoMaTorpad)vmeoKHii mgtoj® Ha OyMare
pasnejieuMH cMecH KaTHoaoB: Fe(lI1)Cr(lIIl) n A1(II1)h3 cpe”ru oo-
flep*ameft HHTp030-R-c0;ib, nax KOMruieKcyramaiS areHT. YcTaHOB”eHO, mto
HHTpo 30— R—COA COCTaBJIHeT KOMfUieKCHiJe+ COCHHHeHHH B BOAHOM paC-
TBOpe C HOHAMH Me(I11). KoMlinekcHhie COeAHHeHH«  HMeiOT COfiCTBeHHUe
nojiocu cneKTpo nomomeHHH, a Tanire OTjiHHaioTca ApyrHMH  BejiHMHHaMH
K03"$HUHeHTOB u jjpyrHMH xpoMaTorpaiismecKHMH BejiH"HHaMH no cnpaB-
HeHHIO C  CBOCOfIHIJMH HOHAMH MetajUIOB  Me3+" EIH  pa3HHUU  nO3BOJIHIO'r
Ha nojiHtie pa3,nejieHne cMecH Ha OyMare.



