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STUDIES ON LIGAND-ESCHANGE CHROMATOGRAl’HY 

III. SEPARATION OF NITROSONAPHTHOL ISOMERS 

The separation of ol-nitroso$- and ~-nitroso-~-naphthols by l&and-e.schange 
chromatography was studied. The best results were obtained by use of a strong acid 
type resin in the I?e3+ form as a stationary phase and a 50 y0 v/v ethanolic ammonia 
solution (pH g85 and 12.0) as the mobile phase for stepwise elution. In view of tile 
slow adsorption rate of both isomers to the resin, the Fe(III)-nitrosonaphthol complex 
formed in the resin phase seems to be a low-spin I : I comples for which the osygen 
of the hydrosyl group and the nitrogen of the nitroso group are both responsible. 

IXTRODUCTIOS 

The separation of isomers, homologues or analogues of organic substances from 
each other is generally difficult because of the similarity of their pllS’sico-cllemical 
properties. If the substances to be separated are capable of coordinating with a metal 
ion, however, ligand-eschange chromatography using a cation exchanger or chelate 
resin in a metallic form, as a stationary phase, is very promising. In recent years, 
many studies on ligand eschange have been reported by several groups of workers’+, 
but the separation of isomers has rarely been tried, 

In the previous work of this series”vi, it was found that pllenylenediamine iso- 
mcrs~ could be completely separated on a column of Amberlite CG-120 in the Fe:‘+ 
form by eluting with very dilute aqueous ammonia (5 x IO --8 M) at room temperature. 
Similarly, aminobenzoic acid isomers’ were separated on a column of ,tlle same resin 
in the Cu”+ form on eluting with either aqueous ammonia at pH S.4 or distilled water 
alone. It was also found that dilute sodium hydroside solution could be used as a 
developer with no metal leakage. 

In order to apply the ligand-eschange reaction to elution chroxtlatography, 
no metal leakage from the support and a fast rate of adsorption must be assured in 
order to achieve a sticcessful separation. The former requirement may be satisfied 
to some extent by employing a resin which has a functional group that can form a 
comples with metal ions, c.g. a carbosylic acid type or iminodiacetic acid type resin, 
or by employing a developer which is as dilute as possible. On the other hand, to 
satisfy the second requirement, a metal ion which forms a labile complex, not neces- 
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sarily a complex of larger formation constant, with the substances to be separated 
must be selected as the counter ion of the resin. 

The purpose of the present work is to find out the conditions ZLppropriate for 
separating nitrosonsphthol isomers, to study the effect of alcol1ol on ligand-exchange 
adsorption, to determine the relationship between the rate of adsorption and the 
composition of the complex, the effect of physical adsorption on ligand-eschange 
adsorption, and the coordination site of the nitroso group. 

ESPERIMENTAL 

Rengcnts . 
a-Nitroso-P-naplitliol and @-nitroso-c+naphthol : commercially available reagents 

(reagent grade; Tokyo Iiasei Kogyo Co. Ltd.) were purified by recrystallization from 
50 y0 v/v etllanol until tlie melting points agreed with the valves in the literature. 
Stock solutions were prepared by dissolving 0.1732 g of these substances in 230 ml 
of 50 o/0 v/v ethanol and diluting to 250 ml with water; they were then stored in the 
dark. The concentration of this solution corresponds to 4 x x0-3 M (0.632s mg/n11). 
Working standard solutions, whose concentrations ranged from 5 x IO-~ to 2 x IO-” 
M, were prepared from the stock solution. 

All the other reagents used were of analytical grade purity. 
Ion-eschange resin : A strong acid cation-exchange resin, Amberlite CG-120, 

was used. After conditioning in the usual way, the resin was con.verted to the 17e3-+ 
form wit11 ferric chloride solution and was air-dried at room temperature by spreading 
on filter paper. Tl1e resin of a 100-200 mesh grade was usecl for batch operation and 
that of a 200-400 mesh grade for column operation. 

A Shimadzu QV-50 spectrophotonleter and a Toa Denpa HM-5A pH meter 
were used for spectrophotometric determination of the nitrosonaphthols and for the 
pH measurements, respectively. A RadiRac 341oP, fraction collector (siplion type) 
was used for collecting the column efiluents. 

The distribution coefficients for a-nitroso-@-naphthol and P-nitroso-a-naphthol 
on the Fe”+ form of the resin were n1easured by batch operation at roon1 temperature 
as a function of the concentration of’ aqueous ammonia. To I g samples of the resin 
which had been weighed into 50-1111 conical flasks wit11 a glass stopper, 25 ml of 
aqueous ammonia of varying concentration was added. The flasks were then shaken 
gently for I 11 in orcler to swell the resin after whicli 1 ml of a nitrosc~naplitl1ol solution, 
corresponding to 0.1732 mg (I pmole) of nitrosonaplitl~ol, WZLS aclclecl to the flasks. 
After being shaken vigorously for I Ii in a mechanical shaker, the flasks were allowed 
to stand for 24 11 for equilibration to take place and then tile resin was separatecl from 
the aqueous phase by filtration using a sinterecl-glass filter without suction. The 
amount of nitrosonaphthol in the solution was determined spectrol~l~oton~ctrically. 

The distribution coeficicnt, KclL, was calculated as follows : 

nlg of substance in resin phasc/g&lry rain 
I\‘,L =I’ - 

mg of substance in solution phasc/n11 of solution 

The pH values of each equilibrated solution were also recorcled. 
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A1tnZysis 
The nitrosonaphthols were cleterminecl by LTV sl>ectropl~otometr~~ using a 

quartz cell of 1.00 cm path length. As the absorption spectra of the nitrosonaphtl~ols 
varied according to the pH value of the solution, the absorbances were measured at 
the isosbestic points, i.e. 2So.o nnl for a-nitroso-/3-naphthol and 294.0 nm for @nitroso- 
ti-naphthol. The relationship between pH value and absorptivity (extinction coeffi- 
cient) at 2So.o and 2g4.0 nrn is shown in Fig. I. Tile leaka.ge of ferric ion into the column 
effluent was tested by evaporating 500 ml portions of effluent to 50 ml and deterniining 
the ferric ion coloritnetrically as the thiocyanate cotnples. 

52 t 
o-o -70 O- 

8 9 10 11 12 

PH 

Two or more volumes of dry resin (zoo-400 nlesll, Fe”+- form) per \~olumc of 
the cliromato~rapl~ic tube were placed in a large beaker. An appropriate volunle of 
water or 50 o/o ethanol \vas pourecl into tlie beaker ancl tile resin was stirred jvitli a 
magnetic stirrer. After tile resin had been swollen, concentratecl aqueous anitnonia was 
added dropwise using a pipet and the ~1-1 value of the solution was adjusted to the 
recluirecl value using a pH tneter. After complete equilibration l~etwecn the resin 
and the solution pleases had been attained, tllc resin was separated from the solution 
by clecantation and poured into a glass cllronzatographyc tube (II mm clianl. x 140 
tiitii long) fittecl with a stopcock. The ecluilibratccl solution obtainccl l)~t tile ahve 
procedure was used as tile developing solution. 

In general, tlie resin used iii tlic ligaticl-exchange teclmiclue must previously 
be equilibrated with the developer, because, otllercvise, some water molecules coordi- 
nated with the ferric ion in the resin phase would be displacecl by atntnonia molecules 
or llyclrosyl ions coming from the aqueous ammonia, and so the aclclition of a few 
drops of conccntratecl ammonia would cause little or no change in the pH xralue of 
the solution. It woulcl be tinie-consuliiing to pack the colut~it~ with resin that has been 
swollen in water alone ancl to ecluilibrate the resin 13y washing with a clcveloper lx-e- 
parecl inclepenclently. 
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RESULTS AND DISCUSSION 

Eflect of the ammonia concentmtion on adsor$tion 
The distribution coefficients of c+nitroso-/?- and P-nitroso-cr-naphthols in aqueous 

ammonia on Amberlite CG-120 in the Fe”+- form are shown in Fig. 2 as a function 
of the pH value of the solution. 

PH 
Fig. 2. Effect of pH (ammonis concentration) on the distribution cocfficicnts of nitrosonnphthols. 
(I) a-Nitroso-8-riaphthol; (2) B-nitroso-~-nsphthol: resin: Ambcrlite CG-120, PI+ form. 

It is obvious that the ZCd values of these two substances, especially that of 
c+nitroso-/3-naphthol, are quite large in neutral or very dilute ammonia solution and 
that they decrease with increasing pH value. The separation factor is large enough 
to permit a quantitative separation of the isomers in the pH range i3.0 to 11.0. The 
results shown in Fig. 2 also suggest that the formation constant of the Fe(III)-a- 
nitroso-@-naphthol complex is greater than that of the @nitroso-crl-naphthol complex. 

Furthermore, the results are in good agreement with the generalization for 
ligand exchange that the ligands of higher coordination valency have a higher affinity 
to the metal ion in the resin phase than those of lower coordination valency, if the 
concentrations of ligands such as OH-, NH,, (monodentate) or nitrosonaphthol 
(bidentate) are low. 

Eflcct of thG iO?ziC fo?‘lU of thG YeSi Olt ndSOYfitio92 

The distribution coefficients of the qitrosonaphthols between resin in the Cu”+ 
form and aqueous ammonia are shown in Table I. Although the relationship between 
Z<(Z and pH was nearly the same as that found for the resin in the Fe”+ form, the selec- 
tivity for nitrosonaphthol isomers followed the order /?-nitroso-a- > ti-nitroso$- 
naphthol. This order was the reverse of that found for the resin in the Fe3 form. 
The separation factor was too low to permit separation of the isomers by using the 
resin in the Cu”+ form. 

Efect of etltanoL on adsorfition 
In order to study the effect of ethanol on the adsorption of nitrosonaphthols, 
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TAI3IL.E I 

1”d VALUES OF NITIZOSONI\I’FI’~I-IOLS ON ‘I’1412 I<lcSIN IN THE Cll=- FOlCBl AT VARIOUS 1’1% VALUES 

Sttbstaecc pN vaill@ 
---. 

9, 0 9.5 IO.0 IO.5 II.0 

~-Nitroso-8-naphthol 1G0.g 105.2 59.0 38.5 26.4 
/I-Nitroso-a-naphthol 203.3 126.1 73.9 48.2 3S.I 

IL ~1-1 valuc~ \vcro acljustctl with aqueous amtnonia. 

tlw distribution coefficients were measured in an ethsnolic ammonia solution. As can 
be seen in Fig. 3, the tendency of the results was similar to that observed in Fig. 2 

when a 50 o/o v/v ethanolic ammonia solution was used instead of aqueous ammonia, 
but the K(t values and the separation factors were both much lower. This is probably 
due to the greater solubility of nitrosonaphthols in an ethanolic solution, rather than 
to the comples formation of ethanol with the ferric ion, since the absorption spectra 
of aqueous and 50 O/~ cthanolic solutions o,f ferric ion (4 x IO-~ Al), adjusted to pH 9.5 
were identical in the range from 210.0 to 400.0 nm. 

PH 

m 
b 
E 

_#----‘- 
..--:-, .- , 

0 10 20 30 Go 50 60 

Tim0 (min 1 

Fig. 3. Effect of ctlxmol on the clistrjl.)ution cocllicicnts of Iiitrosonuphthols. (I) a-Xitroso-/I- 
naphthol: (2) P-nitroso-cc-x~aphthol. Resin: Aiiil~crlitc CC.- I 20, Fc:~,‘, form; solvent : jo I;)‘, othnnolic 
ammonia solution. 

Fig. 4, Rate of ziclsorption of nitroson;~pl~tl~ols in i~clu~ous ammonia at 23O. (I) a-Xitroso-p- 
naphthol ; (7) P-nitroso-~-nnplltllol I &sin : .~\n?k)crlitc CC;- 120, Fc:j-+- form ; solvent : aqueous am- 

monia (pl-1 9.0). 

The results of an esamination of tlic sorption equilibria between nitroso- 
naphthols and the resin in the Fe”+ form are shown in Fig. 4: the amount of 
a+nitroso-/?-naphthol adsorbed reaches its maximum within 30 min in aqueous am- 
monia at pH 9.6 and 23O, but that of P-nitroso-a-naphthol still tends to increase 
even after 60 min or more. These facts show that the rate of adsorption of cr-nitroso- 
P-naplithol is comparatively slow, and that of /?-nitroso-c+naphthol is even slower. 

In general, a successful separation by ligancl eschange requires not only a large 

J. Ctll~orrtclto~~l~., 59 (1971) 3s3-392 
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difference in the formation constants of the ligand complexes to be separated, but 
also a fast rate of equilibration. In order to carry out elution under ecluilibrium con- 
ditions when separating~nitrosonapl~tl~ol isomers, the flow rate of the developer must 
be kept as slow as possible, within the limits between which no appreciable peak 
broadening occurs, owing to diffusion. 

According to TAUI&, a rZG metal ion, lilie Fe”+-, can form a high-spin labile 
complex as well as a low-spin inert complex. In view of the slow adsorption rate of 
nitrosonaphtllols, the Fe(III)-nitrosonaplithol comples is probably a low-spin inert 
comples, containing OH-, H,O, NH, and nitrosonaphthol as its ligands. 

Altllough the cause of the difference in adsorption rates between c+nitroso-/3- 
and /3-nitroso-c+naphthols is not quite clear, it can probably be attributed to the dif- 
ference of the z-electron density of the nitroso group at the b- ancl @-positions: the 
electron density of a nitroso group in the P-position is higher than that in the a- 
position, so that it produces a stronger crystal field splitting. 

From Figs. 2 ancl 3, it may be espectecl that the separation of the isomeric 
nitrosonaphthols would best be effected by stepwise elution using 50 o/o v/v ethanolic 
ammonia at clifferent pH values, since their KC2 values in aqueous ammonia arc too 
large for their elution at a practical rate, even if a shorter column is employed. 

When a misture of these two isomers was elutecl through a column (II X 
I50 mm) using a 50 o/0 v/v ethanolic ammonia solution, PI-1 9.5, at a flow rate of 
0.25 ml/min, cc-nitroso-P-naphthol was quantitatively retainccl on the column, and 
could be easily separated from &nitroso-a-naphthol. After tllc complete elution of 
P-nitroso-c+naphthol with IOO ml of the above developer, the pH value of the cle- 
veloper was chnngecl to 12.0 to elute the c+nitroso+naphthol rapidly. A typical 
elution curve is shown in Fig. 5. Both peaks show estreme tailing because of the slow 
adsorption rate of nitrosonaphthols: they are eluted before the sorption equilibrium 
has been attained at each plate of the column. The smaller retention volume of /3- 
nitroso-cL-naphthol, as compared with the value to be espected from Fig. 3, may be 
esplainecl on the same grouncls. The average recovery for a-nitroso-p- ancl p-nitroso- 

0.03 
pH 9.5 , pH 12.0 ~ 

“0 i 

I 
! 

0.02 - I 
I 
I 
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Fig. 5, Elution curve: (I) P-tlitroso-a-riaphthol; (2) 
111111; clcvclopcr : 50 "A, cthanolic ammoni;t .solution; 

~-!-17itroso-p-~~rtplitliol. Column six: I I x ~50 

flow rate: 0.25 ml/niin. 
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a-naphthol calculated from the results of three runs were go.0 O/O and gG.o %, respec- 
tively. 

When three or more moles of nitrosonapl~thol were present per mole of ferric 
ion in a weakly acidic or neutral solution, a water-insoluble black c&iples was 
formed from either nitrosonapllthol. In botll cases, tile composition of the comples, 
z’.c. the molar ratio of ferric ion to nitrosonapl~tl~ol, was found to be I : 3 by the fol- 
lowing metllod: the unaltered species were removed by treatment with 50 y. ethanol, 
the complex was dissolved in absolute ethanol, cont. hyclrochloric acid was added, 
and then ferric ion and nitrosonaphtllol were determined by mcans of the thiocyanate 
methocl and UV spectrophotometry, respectively. The results are shown in Table II. 

Wlien the molar ratio of ferric ion to nitrosonapl~tl~ol was I: 1 or I: 2, no water- 
insoluble complex was formed, but the UV absorption spectra of the solution, shown 

TABLI~ I K 

COhl’POSITIOx OF Fc(I ~‘I)-sI~rlzosos,\r~~I~~I~toL CoXrl’LISSIJS (\V‘\‘TlfI2-ISSOLuULE) 

Co~rlprc.\ SCWlpll! Allrolrl?tS %,I1 50 ,rlrl of 
No. drcorr~~osc!d solltl~io~tt 

- 
Fcpwic ,ion’L Liga:d’~ 
(/‘“Iorl!) (prltorl~) 

--- I._ 

a-Nitcoso-~-n~~plltllol colnplcs z 0._12 x.31 

3, 0.Q I .07 

P-Nitroso-a-napllthol complcs 1 o.70 r.gG 
2 0.h I.97 

-- I__- 

t~ Dctcrmincd bv the thiocyanntc mcthotl. 
b Iktcrminccl LG U\: spcctropl~otornctry. 

2.0 
1.5 - 

2 l.O- 
C 

21 

$ 
In 

9 0.5- 

-a-._. _._, -.-._._._ 
I 

a----+-a-._a-.- ._._, _._. 
I I 

250 300 350 LOO 200 250 300 350 400 
Wavelength (nm) wavelength (nm) 

Fig. 6. Absorption spectra of Fc(I.1 I)-cc-nitroso-p-tial,Iltllol coIliplcs. (r) a-~itroso-~-n~Lphtllol 
(_I, x 10-c M) ; (2) lTc( Ill’) (.I x IO-~ Al) i- lig:Lncl (4 x IO--~ M) ; (3) Fc(I’II) (.i x lo-& :I/) + IigrLncl 
(S x 10-G AT); (_I) I”c(ll.1) (‘1 x 10-b A/r). 

Fc(lT I)-C3-tiitroso-~-nnphthol complcs. (I) P-Nitroso-a-iinplltllol 
I o-h AT) -)- ligancl (4 X ro-fi A/r) ; (3) I.Tc(l 11:) (_I. :C I’o-~ &I) -+- 
(4 x 10-G IV). 
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in Figs. 6 and 7, strongly suggest that some water-soluble complex or complexes are 
formed in solution. 

In the ligand-eschange reaction, the ferric ions loaded on to the Amberlite 
CG-IZO, which had been equilibrated with aqueous ammonia at pH g-10, must have 
formed either hydroxo-aquo or hydroso-aquo-ammine mixed compleses : the IR 
spectrum of the resin equilibrated with aqueous ammonia at pH 9.5 was distinctly 
different from that equilibrated with sodium hydroxide solution at the same pH, 
especially at 3300-2800 cm-l and at 1~00-1400 Cnl-‘, suggesting the presence of the 
latter complex in the resin phase. Although an accurate composition of the complex 
formed in the resin phase is not known, it is evident that more than two moles of 
hydroxyl ion cannot have coordinated with one mole of ferric ion: the coordination 
of more than two moles of hydrosyl ion would make the complex neutral or nega- 
tively-charged and cause leakage of the ferric ion into the external solution, which 
in fact was not observed in the equilibrated solution. When a nitrosonaphthol solution 
is added to the resin under these conditions, one or two moles of the ligands that have 
coordinated with ferric ion will be displaced by nitrosonaphthol by ligand-eschange 
reaction : more than two moles of nitrosonaphthol cannot be adsorbed, because nitro- 
sonaphthol acts as a univalent anion in alkaline solution and in addition the quantity 
is very small (I ,xmole) compared with the amount of ferric ion in the resin phase. 
For the same reason, the sum of nitrosonaphthol and hydrosyl ions should never 
exceed two moles. Instead of a water-insoluble I : 3 comples, a I : I soluble comples 
might possibly be formed in the resin phase as well as in solution. 

It is known that most water-soluble aromatic compounds are adsorbed on 
ion-exchange resin by van der Waals’ interaction between the solute and the resin 
matrix, In order to study the effect of any such adsorption which might occur during 
ligand-exchange adsorption, the retention volumes of the nitrosonaphthols were 
measured using a resin in the cationic form which had no coordination sites. The 
NH4+ form of Amberlite CG-120, 200-400 mesh, was chosen to avoid an ion- 
eschange reaction occurring between a cation loaded previously on to the cation 
es&anger and the ammonium ion in the external solution. The eluting conditions, 
such as column length, flow rate of developer, etc,, were the same as those used in 
ligand-exchange chromatography. 

As can be seen from Fig. S, the retention volumes of two nitrosonaphthols, 
especially of @nitroso-cc-naphthol, were evidently greater than the column hold-up 
volume (about IO ml) when they were eluted with aqueous ammonia at pH 9.5. These 
results suggest that the effect of physical adsorption cannot be neglected in ligand- 
exchange adsorption of nitrosonaphthols. 

Determhntion of the coordi~antdon site of the witroso gvoa@ 
The nitroso group is potentially capable of coordinating with a metal ion through 

&her its oxygen or its nitrogen atom. According to I;EIGL~, the bond between C+ 
nitroso-/?-naphthol and a metal ion can be regarded as being formed through the 
nitrogen atom to give a five-membered &elate ring instead of a six-membered ring 
through the oxygen atom. Studies of the electronic configuration of the Co(I1) 
complex also suggest that the bond is favourecl through nitrogen, rather than oxygenlo. 

J. Chvonlatogv., 59 (1971) 383-392 
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On the other hand, CIIATTEI~JEIZ I1 has reported that, in the case of tlw Cu(II) cllelate 
of ~-nitroso-P-napl~thol, the bond is formed through the osygen atom, in agrecmcnt 
with the generalization that a sis-membered ring is more stable than a ~ivc-membered 
one when two double bonds are present in a chelate ring. 

1.5 

1 .Q 

0.5 

0 100 200 300 0 50 100 150 200 250 
Effluent volume (ml) Effluent volume (ml) 

12ig, S. 1Sl’fcct of physical adsorption 0~7 li g~~iicI-csclx~n~c adsorption. ( I) a-Nitror;o-P-nnplzthol ; 
(2) ~-nitroso-cc-n~~pl~tl~o1. Hcsin : Ainbcrlitc CG- I 20, M-Id+ form; column size: 1 r % r jo mm ; clc- 
vclopcr : JO “/” cthanolic aiiinionin solution (1>‘I-I. 9.5) ; flow rate: 0.25 nil/nlin. 

1’i.q. g. .IZlutioii curves of li~clrosyt~apl~thoic acid ant1 ~tlninon;L~~htl~ol. (I) I-I-Iprlt’os~-~-naplithoic 
acid ; (.2) z-hyclrosv- 1 -iiupl~tl~oic acid ; (3) r-;Lmino-?-riaplltliol ; (4) 
.hmhrlitc CC- 120, -i?::~:~+- form; column size : J I x I 50 nini; clcvclopcr: 

z-;Lmino- I -naplztliol. l<csin : 
;LC~~IC~~IS aiiiiiio~~ia (pl-I 3.5) ; 

Ilow rate: 0.25 ml/niin. 

In the present study, an attempt to deterniinc the coordination site of the nitroso 
group was made by comparing the retention volume of hydrosynaphthoic acid and 
aminonaphthol with that of nitrosonapl~tl~ol. If the Fc(III) comples of nitrosonaph- 
thol is formed tlirou& the oxygen atom in the nitroso group, the retention volume 
of i~itrosonaplithol 011 the resin in the Fe 3-1- form would be similar to that of hydrosy- 
naphthoic acid. On the other hand, if the comples is formed throu& the nitrogen 
ato111, the retention volunles of nitrosonaphthol and aminonaphthol ~~oulcl be 
nearly tile same. The retention volumes of x-hydrosy-z- and a-hydrosy-I-naphthoic 
acids and of I-amino-z- and z-amino-x-naphthols were measured, using ;L column of 
the same len@h as that usecl in ligancl-esclinnge chromatography and are shown 
in Fig. g : the l~ydrc~synapl~tl~oic acids were not aclsorlxcl, w1lerea.s the a~ninonnl~htl~ols 
11x1 a relatively large retention volume. 

Tllese results suggest tllat the Fe(III) complex of nitrosonaphtl~ol is formed 
through the osygen atom in the hydrosyl group and through the nitrogen atom in 
the nitroso soup, to give ;L five-nxmberecl chclate ring. This view is also supported 
by the low-spin nature of the Fe(III) complex of nitrosonaphthol discussecl above: 
the nitrogen atom having one pair of free electrons tends to produce a ~iiucli stronger 
splitting of the crystal fielcl of Fe(III) by concentratin g tlie negative charge to\\:nr’cl 
an cg orbital of ‘Fe(III), than the oxygen atom wliicli leas two of tlieni. 
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