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Although paper chromatography of water-soluble dyes has received a considerable
amount of attention, very little has been published to date on the application of
this technique to problems of separation and identification of oil-soluble dyes. The
first use of paper chromatography for: oil-soluble dye mixtures was reported by
THALER AND ScHELER! who separated two simple dye mixtures on untreated paper.
Separations of more complex dye mixtures by paper chromatography, again on
untreated paper, have been reported by Jax aNp AusT? and by Fujir using a variety
of solvent mixtures for development.. The experiments of THALER AND SCHELER! and
those of Jax AND AusT?, using untreated paper, were repeated by VERMA AND Dass?
and by MARK aAND McKEowN?® and in each case it was reported that poor resolution
was obtained due to a considerable amount of tailing of the spots. The use of reversed-
phase paper chromatography would be expected to lead to improved resolution
of mixtures of oil-soluble dyes, and indeed, LINDBERG®, VERMA AND Dass4, and
MarRK AND McKEeown? all have reported excellent separations by using paper im-
pregnated with a variety of lipophilic substances and development with a number
of aqueous solutions of organic solvents. : -

This paper is concerned with the reversed-phase paper chromatographic behav-
iour of a series of alkyl-substituted 1-phenylazo-2-naphthols, all of which are oil-
soluble and.either isomers or homologues of one another. The specific compounds
chosen for study were 1-phenylazo-2-naphthol, all three isomers of 1-(methylphenyl-
azo)-z-naphthol, all six isomeric 1-(dimethylphenylazo)-z-naphthols, 1-(2-ethyl-
phenylazo)-z-naphthol, 1-(2,4,5-trimethylphenylazo)-2-naphthol, and 1-(2,4,0-tri-
methylphenylazo)-z-naphthol. Data reported previously by other -workers*-® on
the reversed-phase paper chromatography of two homologous series of dyes indicate
that the Ry values of the dyes. within each series differ sufficiently to allow at least
the lower members of each series to be separated from one another. One of these
groups of dyes consisted of commercial samples of Sudan I, Orange SS, and Oil Red
XO which are mainly r-phenylazo-z-naphthol, 1-(2-methylphenylazo)-2-naphthol,
and a mixture of 1-(2,4-dimethylphenylazo)-2z-naphthol and 1-(2,5-dimethylphenyl-
azo)-z-naphthol respectively; these compounds have been. included in the work
reported here. The other group of homologous dyes was ‘comprised of commercial
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samples of Ofl Yellow AB and Oil Yellow OB which are respectively 1r-phenylazo-
z-naphthylamine and 1-(z-methylphenylazo)-2-naphthylamine. Although Oil Red XC
is kmown to be a mixture of two isomeric dyes, resolution of this mixture was not
reported im the work referred to above. One might conclude from this that the dif-
feremce Im Ry values of isomeric dyes that differ only in the relative positions of
methyl groups is too small to permit their separation; however, it has been observed
im this laboratory” that resolutiom of the two isomeric dyes comprising Oil Red XO
could be accomplished umder appropriate conditions of development. Thus the most
imterestimg aspect of the work reported here is the chromatographic behaviour of the
isomeric dyes withim the group of compounds: which were chosen for study.

Z. Ameime trtermediates EXPERIMENTAL
The following amimes were purchased fromr Eastrnan Kodak Company, Rochester,
NLY ., and were uwsed withowt further purification.

2-Methylaniline. Reagent grade, Cat. No. 253.; b.p. 83-85°/15 mm.

F-Methylaniline. Reagent grade, Cat. No. 862; b.p. 9g2—-93°/15 mm.

S-Methylawiline. Reagent grade, Cat. No. 254:; m.p. 43—45°.

2-Fthylawiline. Practical grade, Cat. No. P3066; b.p. go—92°/8 mm.

2, 3-Dimethylamitime. Practical grade, Cat. No. P5952. This amine was received in
the form of the hydrochloride salt and was used as such without liberation of the free
amine. Since this salt decomposes on heating, a purity check was done by liberating
a small quantity of the amine, b.p. 220—221°/atm. :

3.5-Dimethyleniline. Reagemt grade, Cat. No. 2324; b.p. 104-105°/14 mm.

Pure samples of four other amines: were obtained: as: follows:

Amilime. Reagent grade amilime: (Fisher Scientific Company, New York, N.Y.,
Cat. No. A-740) was distilled from zimc dust im an atmosphere of nitrogen. The dis-
tillation, which was conducted at atmospheric pressure and without fractionation,
gave a cemire-cut distillate which beiled at £84°.

Bp-Dimethylamiline. This amine: was synthesized from fenchone (technical grade,
Cat. No. Tg57r, Eastmman Kodak Company, Rochester, N.Y.), b.p. 190-197°/atm,
according to the procedure described by Zawvead. The product was obtained in white
crystalline plates, b.p. g7—98%/To mm; b.p. 225-226°/atm; m.p. 49-50°. Reported
for 3,4-dimethylaniline, b.p. 224°/atm; and m.p. 48°%; m.p. 50-51°8.

2,4.5-1 wimethylamiline (Psewdocumidine). 100 g of commercial Ponceau 3R (F.D.
& C. Red No. 1) (Calco Chemical Co., Inc., Boundbrook, N.J.) was dissolved in 2 1
of water and made alkaline by the addition of ro g of sodium hydroxide. The Ponceau
3R was reduced at 60 by the dropwise addition, with: vigorous stirring, of a saturated
aqueons soluotion (ca. 30 %) of sodium hydrosulphite. Addition of the hydrosulphite
was continued wntil the reactiom mixture was no longer red in colour; at the end of
the reduction the reaction mixture was murky and yellow-brown in colour. The
substituted amilines Liberated durimg the reductiom were isolated from the reaction
mixture by steam distillation and extraction of the distillate with ether. The ethereal
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extract was washed with water, dried over potassium hydroxide pellets, .and the ether
removed by distillation. The oily liquid residue was then fractionally distilled under
reduced pressure in an atmosphere of nitrogen. The fraction which boiled at re4-103°/
10 mm was collected and most of this fraction crystallized when chilled in a reffrige-
rator. The small quantity of uncrystallized material was separated from the solid
by pressing the mixture between pads of filter paper. Recrystallization of the solid
material from ethanol gave colourless needles, m.p. 65-66°. Reported for =,4.35-
trimethylaniline, m.p. 66°1°,

2,4,6-Trimethylaniline (Mesidine). Reagent grade acetone was converted to
mesitylene using the procedure described by Abpams anp HUFFERDY. Nitration of the
mesitylene as described by POWELL AND JOHNSON!2, gave 2-nitromesitylene and this
was then reduced with tin and hydrochloric acid using a procedure similar to that
described by FiEsiER?® for the reduction of nitrobenzene. When the reduction had beem
completed, the reaction mixture was made strongly .alkaline with sodium hydroxide
and then steam-distilled to isolate the amine. The steam distillate was extracted
with ether and the ether extract was dried over potassium hydroxide pellets. Dis-
tillation of the ether extract gave a colourless liquid, b.p. 232—233°/atm. Reported
for 2,4,6-trimethylaniline, b.p. 232-233°/atm?4.

2. Azo dyes

Each of the amines described above was diazotized and coupled with 2-naphthol wsimg
the following procedure: )

A solution containing 0.050 mole of the amine and 8.4 ml (0.100 mole) of con-
centrated hydrochloric acid in 150 ml of water was prepared :amd cooled to ©—5°
in an ice bath. To this solution was added, dropwise with vigorous stirrimg, a solutiom
of 3.5 g (0.051 mole) of sodium nitrite in 50 ml of water. After addition of the mitrite
had been completed, stirring was continued at 0—5° for 15 min and then 10 'Y agqueous
sulphamic acid solution was added dropwise until the excess nitrous acid had been
destroyed (negative test with starch-iodide paper).

Concurrent with the diazotization -of the amine, a solution wontaining 7.9 g
(0.055 mole) of 2-naphthol (technical grade, m.p. 119—122°, ‘Cat. No. T171, Eastmam
Kodak Company, Rochester, N.Y.), 4.0 g of sodium hydroxide, and 8.0 g of sodium
acetate in 150 ml of water was prepared :and cooled to 0-5° in an ice bath. The dia~
zonium salt solution was then added dropwise, with vigorous stirring, ©ver 30 mimn
and was maintained at 0-5° by the addition of small quantities ©of ice. The ice bath
was removed and stirring was continued for 1 h. The azo dye was collected by ex-
traction of the reaction mixture with chloroform. The chloroform extract was washed
with water and then evaporated to dryness on a steam bath. The mesidual, crude
azo dye was recrystallized repeatedly from mixtures of ethanol .and benzeme mmtil
the product had a constant melting point.

In the case of the z,3-dimethylaniline, which was used in the form of the hy-
drochloride salt, the above procedure was modified slightly to correct for the hydrogen
chloride which was added via the salt. In this case, 0.050 mole of the salt and 4.2 ml
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(0.050 mole) of concentrated hydrochloric acid were used in the diazotization step,
the remainder of the procedure being unchanged.

The following pure azo dyes were prepared:

z-Phenylazo-2-naphthol. Dark red needles, m.p. 133.5-134.5°. Reported m.p.
132-133°15.

I-(2-Methylphenylazo)-2-naphthol. Dark red needles, m.p. 131.9-132.4°. Reported
m.p. 130.5—I31.5°8,

1-(3-Methylphenylazo)-2-naphthol. Dark red rods, m.p. 141.3—141.7°. Reported
m.p-. I39—I40°16,

z-(4-Methylphenylazo)-2-naphthol. Dark red rods, m.p. 135.3-135.8°. Reported
m.p- I33-I35° 15; m.p. 135.5—137.0°,

r-(2-Ethylphenylazo)-2-naphthol. Dark red needles, m.p. 123.0-123.5°. No melting
point has been reported previously for this compound although DoLINSKY AND
JoxEs'? have reported its infrared spectrum.

r-(2,3-Dimethylphenylazo)-2-naphthol. Dark red needles, m.p. 187.5-188.0°.
Reported m.p. 125-130°18,

r-(2,4~-Dimethylphenylazo)-2-naphthol”.

I-(2,5-Dimethylphenylazo)-2-naphthol”.

I-(2,6-Dimethyphenylazo)-2-naphthol™.

r-(3,4-Dimethylphenylazo)-2-naphthol. Dark red needles, m.p. 149.6-150.1°.
Reported m.p- 146°13.

1-(3,5-Dimethylphenylazo)-2-naphthol. Dark red needles, m.p. 196.4-196.9°.
This is the first synthesis reported for this compound.

I-(2,4.5~-T rimethylphenylazo)-2-naphthol. Dark orange needles m.p. 164.4-~164.9°.
Reported m.p. 160—x61°%9,

I-(2,4,6-Trimethylphenylazo)-2-naphthol. Dark red clusters of needles, m.p.

I35.3-I135.8°. Reported m.p. 134—135°15.

3- Reversed-phase paper chromatography

A paper chromatographic apparatus supplied by Canadian Laboratory Supplies
Limited, Montreal (Cat. Nos. 49—730, 18310, and 18-316) was used for the develop-
ment of the chromatograms. It consisted of a cylindrical glass tank (h. 24 in.; d. 12 in.)
with a close fitting plate glass cover and was equipped with a stainless-steel rack
that supported two 8 in. glass solvent troughs. The troughs were positioned for
descending development of the chromatograms. Since the chromatograms being run
were of the “Durchlauf’ type, where the solvent front is allowed to run off the end
of the paper and the running time is rather long, the tank was fitted with a constant-
head! apparatus. This consisted of a 2 1 Erlenmeyer flask closed by a one-hole rubber
stopper through which there extended a short piece of 8 mm glass tubing. A second
short piece of 8 mm glass tubing was connected, by means of rubber tubing, to the
one through the stopper such that the total length of tubing extending from the flask

“The samples of 2,4-, 2.5-.‘ and z,6-dimethyl~derivatives were obtained from Mr. W.
PrzyBYLSKr of this Laboratory, to whom the authors wish to express their gratitude.
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was about 2 in. From x 1to 1.5 1 of developing solvent was placed in the flask and the
delivery tube was closed by a pinch-clamp applied to the rubber tubimg. The fiask
was suspended in an inverted position abowve the tank with the delivery tube extendimg
through a 0.5 cm hole in the glass cover and into one of the solvemt troughs. The
end of the delivery tube was positioned in the tromgh at the desired solvemt level
and, if necessary, the position of the rubber tubing was adjusted so that it closed off
the small hole in the cover. The pinch-clamp was removed from the delivery tube
so as to allow solvent to run into the trough and solvent was transfernred to the second
trough by a siphon made from glass tubing. When the level of Liquid i the troughs
fell below the tip of the delivery tube, air was admitted to the flask thus allowing
fresh solvent to flow into the tromghs umtil the original level was restored. Before
developing chromatograms with a mew solvent, the tank was equilibrated by placing
200 ml of the solvent in the bottom of the tank and allowing it to stand overmight.
It was not necessary to equilibrate the tank again until the composition of the dewel-
oping solvent was altered.

The paper used for the chromatograms was Whatman No. 3MM cut imto strips
6 in. X 22.5 in. and serrated at one end. Two pendil lines were drawm 225 in. and
2.75 in. respectively from the opposite end of the paper with the latter being marked
every 19 mm. Impregnation of the paper with non-polar stationary phase was accom-—
plished by passing it, at uniform speed, throngh a trough contzinimg a solutiom of
5 g white mineral oil, U.S.P. XTI (Fisher Scientific Co., New York, N.Y.; Cat. No.
O-119) dissolved in 100 ml ether. The paper was then suspended in a wertical positiom
and allowed to dry at room temperature.

Solutions of each of the oil-soluble dyes were prepared by dissolving 1o mg of the:
dye in acetone and diluting to 235 mlin a wolumetric flask. These solutions were spotted
along the second pencil line on the dried, impregnated paper, 2 single solutiom beimg
applied to each mark on the starting line. The volume of each dye solution ased was
5 (z.e. 2 ug of dye) delivered from a micro pipette and confined to a spot 0.5 am
in diameter. When the spots had dried, the paper was folded along the first pemcil
line and placed over a supporting rod in the developing tank with the end of the paper
dipping into the solvent in the trough. One of the spots on each paper was r-phemviazo-
2-naphthol which wasused as a reference compound for determining relative Ry values.
The chromatograms were developed with mixtures of acetone and water nsing propor-
tions of 40160, 45:55, and 50323506 by volume. Development of the chromatograms was
continued until the r-phenylazo-2-naphithol spot had travelled about 30 cm down the
paper from the starting line. Each of the oil-soluble dyes was chromatographed, with a
given solvent, on four different strips of paper to obtain averaged valnes. After develop-
ment of the chromatogram had been completed, the paper was removed from the tamk,
suspended ina vertical position,and dried at room temperature. Rgvalnes relative to the
1-phenylazo-2-naphthol spot were then calculated and averaged for tire four papers. The
Rp value of -phenylazo-z-naphthol in each of the developing solvents was determrmed
in quadruplicate and the averaged value was used to calculate the apparent Ry valnes of
the other dyes.
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DISCUSSION

The initial difficulty in this investigation was the procurement .of suitable samples
of the alkyl-substituted 1-phenylazo-z-naphthols. Since the dyes differed only
slightly in Rp values, especially among isomeric dyes, it seemed desirable to obtain
these dyes in as pure a state as possible. Only three dyes of this type, Sudan I, Orange
SS, and Oil Red XO, are commercially available and although Sudan I and Orange
SS are relatively free from isomeric contaminants, Oil Red XO is known to be a
mixture of two isomeric dyes in approximately equal amounts. Rather than using
any of these commercial products, all of the dyes employed in this investigation
were synthesized in an identical manner by diazotization of the correspending amines
and coupling the resulting diazonium salts with 2-naphthol. Many of the amines
needed for the syntheses of these dyes were available from chemical suppliers, usually
in reagent grade purity, and were used without further purification. Those amines
not commercially available were synthesized using methods which, for the moest
part, already appear in the literature. The crude product from each of the coupling
reactions was purified by repeated recrystallization, to constant melting point,
from mixtures of benzene and ethanol; these dyes are readily soluble in benzene but
only sparingly soluble in ethanol.

Only one of the dyes reported here, 1-(3, 5 dlrnethylphenylazo)- -naph‘thol was
previously unknown. The 2-ethyl-derivative has been reported only once'? and al-
though its infrared spectrum was given, the melting point for this compound was mot
reported. All of the remaining dyes appear in the literature one or more times and the
melting points given here for these compounds generally agree quite well with the
reported values, the exception being that of 1-(2,3-dimethylphenylazo)-z-naphthol
which is considerably higher than the sole reported value by May anp HuxNzle,
At first it. was thought that the material obtained as the 2,3-dimethyl-derivative
was not the expected compound. The 2,3-dimethylaniline hydrochloride used in the
preparation of this dye was only of practical grade and no information was awvailable
as to its identification or its purity since this material decomposes on heating and mo
melting point could be obtained. The amine was identified by distillation .of the free
amine after first liberating it from the salt. Almost all of the :amine distilled within
the range 220-221° which. is correct for 2,3-dimethylaniline; unlike most ©of the iso-
meric dimethylanilines which boil at or about the same temperature, 2,3-dimethyl-
aniline has a unique boiling point. Additional evidence ‘as to the identity of this
amine was obtained by conversion-of the distilled amine to its acetyl derivative, m.p.
I34-135°; reported m.p. 135.5°1%. . A centre-cut fraction of the distilled amine, when
coupled with 2-naphthol in the usual manner, gave the same product as was obtained
previously from the hydrochloride salt. Finally, the infrared spectrum of the dye
was almost identical with that reported by DoLINSKY AND JoNEs1?, Thus it seems to be
evident that the dye which was obtained was indeed the expected 2,3-dimethyl-deriv-
ative. The validity of the melting point reported by May aND HuNT?® for this com-
pound is somewhat in doubt since it spans a 5° range and also because their melting
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poinits for otiher oil-solrbhle dves of this type are consistently much lower than the
walnes reported by otfher workers..

The metihod msed for development of the chromatograms was a standard reversed-
phase techmiqume with descending: floxw of the developing solvent. Since the chromato-
grams were of the “Darcifhnf’™ type: and were: developed: for several days, the chro-
matography tamk was fitted with a constant-head device for supplying fresh devel-
oping solvemt so thatt the: apparatos required little or no attention. Experimentation
revealed that equilibration of the: tank for several hours or preferably overnight was
mecessary in order to abiain reproducible Rp walues but that it was not necessary to
treatt the paper in amw manmer, exclusive of impregnation, prior to development of
the chromatogram. Whatman No. 3MM chromatographic paper was chosen as the
support after rommimg comparative chromategrams using this paper and Whatman
papers nummibers I, 3T, T extira thick, and 54.. The 31 and 54 papers had the apparent
advantage of beime faster tham the: 1 andl 3MM papers but it was found that the diffe-
remees im Ry valmes of the dves were: smaller, under uniform chromatographic con-
diittioms,, am tikse faster papers than om the: slower ones.. Whatman No. © paper was
found to be ronghiv equivalent: to 3MM paper in its ability to resolve mixtures of
tie diyes bt it soffered from the: disadiwvantage of having considerably less capacity
tham that of the thicker 3MM paper.. These observations may not be directly attri-
butable to the papers themselves bat rather to the amounts of oil which were retained
by tihe papers after immpregnation. These papers vary greatly in their abilities to absorb
Tiqruidis amd simee the ofll was applied in ether solution: to the paper, different amounts
of tihiis solntiom wonld be retaimed by the: warious papers: and thus, on drying, these
papers wonld comttaim different: amounts of the stationary phase. It was found that
varying the amomnt of oill om the: paper, by altering the concentration of the impreg-
matimg sohutiomn, had 2 marked effect bothhon the Rpvalues and on the degree of separa-
ticom wihich was achieved with dve mixtuares. Only one stationary phase, light mineral
qil, was used im this imvestigation becanse numerous chromatograms of oil-scluble
dyes rum im thiis laboratory have: indicated that this material is at least as good as,
amd is sometimes superior to, the: other commonly used stationary phases. It also has
e added advaniage of being chemically inert. For impregnation of the paper, it was
found that a solntiom of 5 g of the oil in 100 ml of ether provided the best results
both from the stamdpoimt of the: capacity of the paper and of the resolutions which
could be achieved wihem wsing diye mixtures. Lower oil concentrations resulted in
redmosd capadities whille higher oil concentrations gave inferior resolutions and
required excessively lomg developing times..

The cdhoice of acetome—water mixtures: as. developing solvents for the chromato-
grams was based on 2 mumber of considerations. The: dyes were fairly soluble in ace-
tome bt imsolnile fm waier and thus the: Rp walues of the dyes could be easily changed
by altering the water comtent: of the developing solvent. In addition, since acetone
iis completely misciible with water, it provided an infinite range of solvent mixtures of
readily ascertaimed compositions, and also, it prevented separation of the solvent
mto two phases dorimg dewvelopment of the chromatograms due to fluctuations in
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temperature. The mineral.oil employed @as the stationany phase im tfhe dremattognams
was relatively insoluble in :acetone :and «even lless so im acetome—wwatter muisthmes amd
thus this solvent system prevented excessive dgplation of e stattiiomany phese dorimg
development of the.chromatograms. Seme ©f the stationany pirese weeas elnttmd firomm tie
paper during:development.of the chromateograms:and presomxally tihis couwlld Hewe heem
prevented by saturation .of the dewveloping salwent wiitlh muinerall il gorior to tihe dewedl-
opment, however, when ithis was triedit was found to lrawe mo dbserwvalbile effiactt om tihe
chromatograms. Finally, acetone-water jprovided jgood mesalution of misttmres of tibhe
dyes. It was thought that ethanol-water mixtures muightt allso he msadl degpiite tihe factt
that the dyes were considerably less:solubleiin «thamnal tiram in zaaetone ot s sollwemtt
system -gave inferior resolutions ite thoese @btained wiith acsione-wwatrer msthores.

Acetone was selected .as tthe solvent ffor the dyes in propanime stodk solluthioms
for application to the paper for :some of the same measons that it weas cdhosen as e
organic .component .of the dewvéloping solwents. [t @lse Ihad tihe desinable flenthmes
of rapid evaporation sothat the spots could Ibe dried quiidkly amd, Iding part of tie
developing solvent, :small traces which remained :affter dhyimg tihe spots wowmlld mott
influence the.chromatograms. The:amoeunt of«adh dye wikiidh weas appilicd to tie papens
was arrived :at by trial.and error :and wvas such thatt the cdlonr imttensity @ff tihe spotts
made observations of their positions easy and wet it @id mot owarllnad tihe papar.
It was found that 2 ug of «each ©of ithe dyes gawe the hest mesullts, alithongh sewarall
times this quantity could be :applied to the paper without serions owerloadimg taldmg
place. The stock solutions were prepared such that 5 z2d of selution conttaimed 2 gE of
dye, this being done purely for .convenience since @ 5 ydl pipeitte was msed for appllice-
tion of the dye solutions to the paper.

‘Table I summarizes the welevant data o@btained ffrom the dimomatioe :
individual 1-arylazo-z-naphthelsin the tihree :acetane-watter dewdlopimg sollvemtts msed]
in ‘this investigation. Each figure in the tableis:an averagead walne firom fomr seproatte
chromatograms each .of which thad :a given dye spotted at different positions allomg
the starting line so as to.account for any localized differences im tihe papar ar im tifhe
stationary phase. It was found that, for :a given dye, walnes wanied sumewlixatt from
one chromatogram to another depending «n the position @t wilndh tirediye wasspottted],,
however, these deviations ‘were mewver greater than 4% firam e amitffhmetfic mmeam.
Each of the ;papers was spotted :at the extreme leftthand myardk an tihe steantiimg Fne
with 1-phenylazo-2-naphthol which served :as:a meference compoumnd amd thims alllowwesd
the calculation of Rgwvalues /(z.e. relative displacements) ffor eadh of the otiver dyes om
the paper; these values appear in Table I mnder the heading Rs. Since e pieanyll
derivative was spotted .at the same jposition @n «adh «of the papers, data clitzimed
from different papers -can 'be directly «ompared. This iis importtamt simnae it weas mott
convenient to spot :all thirteen of the dyes @n a single paper. Under tihe Ieadiing R
in Table I, the values for ithe jphenyl derivative :are averaged walnes wikidh wene @l
tained experimentally by retaining the solwent firent @n the paper. Vallnes apypemning
under this heading for ithe .other compounds were «calonlatted by multipilication of R
for the .compound by Rp for the phenyl detivative. ‘
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Sewerall papers hnve appeamed im the Hteratore,, dealing: with: the: relation: between.
«dhemmicall strmctme amd diromattograpine behawionr, which arve: applicable: to, the work
meponted hene. In her diassicall peperr,, Magmns axm SENGE2? derivwed! a: general theo-
metncal equattion for e matie of mmowemenit off & solintte: dumngecolumm partition: chiromato-
graphy. The same aquatiion was kifter deriived more: simplly by the: use: of the: kinetic
theory?22, CoxSDEN af @llZ® denmomstiratted thatt this equation could! be: applied to.
Paper unanﬁnmrmn dhromyattograpiingy wiitlh seme medificationm and! introduced! the: concept
of Ry walues wiiidh monw s aciiieved] gemerall acceptance:. For ideall solutions;. it was
demonstrated mativemaftically Ty Nawmme? thaitt the partitiom coefficient,, to) which the
R walue iis melathed,, iis depandent an the firee: emergy required] te transpoert one mole of a
wcompound from the stattiomary piose to the mobile: phase:.. It was: also shown: by
Marary thait the addition of a given. groupp to a clhemicall stracture willl alter the:
partition codfficient of the compomnd by a constamt: factor which is: dependent only
‘on the added gromp amd tihe matture of tihe two pantitionimg phases: and! not on: the rest
of the malecule. Bare-Swrmm asm WESTAIL®S suggested] the: use: off Ry, which: has a
Emear melation to the logamitmm of thhe poantitiom coefficient;,, im order to: facilitate
practical applhication of Nakm's ratiher imvolved! equation.. It follows: directly from:
ttihe eqmaition deriwead by Nisxmms tifhatt, fior compoamnds: comprising: a homologous series,.
a Iimear mdlation exists hettwwaem tihe Ry walles amdl the number of like: substituent
groups presentt im tie compommds. The equation alko suggests thatr isomeric. compounds
should pessess identical Ry walnes, althongh tihs comclusiom is: net strictly walid
Sinae, im derivimg e equatiion, me corsideration was givem te interactiom of the groups
wiithinm :a mnolecunle. Imdiesd, Frasc aff @, 20520 foumd thatt isomeric: substituted benzenes
had dhfferent Ryy walnes amdl mmodiified! the limeanr relatiom for Ry walues, derivable
from NARIIN"S @quattion, Ty @ temm invellwimg the dipolle mements: off the: compounds..
Accounmtimg ffor polarity diffaremoes ammomg isomers; im thiss manner, these: workers
hawe @btained good agreament between calculhted amdl obbserved! Ry walues..

The dhrematographic datta olbtzined im this investigation,, which appearin Table I,
agree faitly wedll wiith the relattiomsips cutlimed above:. Plotting: the: Ry, values: ob-
tained wiith eadh solwent system agamst the mumber of methyl groups: present in
the dyes gawe @ straight lne in agreamentt wiitth Magomns's relationship although: there:
was some scatttherimg wiitim ttie gromps of iseomeric compounds; (Fig:. 1).. Using, the meth-
©od of lleast sqmanes, a strajght lne was positiomed om each plott and! it was: found that
the slope gradmally imoreased @s the comoemtiratiom of acetone: in the: solwent system:
was decreased. This imorease im e sope comespomds; to am increase: in the: spread of
Ry walues amd Thence to @ greatter separatiom of the: spots: om the: chromatogram.
The deviations of the Ry walnes firomm lmearitty did mot exceed! 6 %, 7%, and 6%,
for the 40:60, 45:35, @nd F0: 50 acetome-swater sollvent: systems: respectively:.

The smalll but reprodmciiblie difffrences im the Ry (or Ry) walues within the three-
isemeric gromps indicatte the cfiact of positiomall isomerism. Since: the: separations:
iinwolve a process of conttimnows partition bettweem a stationany nen-pelar phase and: a:
mmohile polar plhase, amy wariatiion im tihe polkhority of the: isomers; would! lead! to a: corre-
sponding wariation im tihdir ratres of travel om a cdiromatogram.. A more: polar- isomer
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would favour the mobile phase and hence exhibit a higher Rp value than a less polar
isomer. FrRANC and co-workers (see above) have used dipole moments with consider-
able success as a measure of polarity differences between isomers. Unfortunately,
this treatment is not directly applicable here because 1-arylazo-z-naphthol compounds
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Fig. 1. Rar values of methyl-substituted 1-phenylazo-z-naphthols chromatbgraphed with 40:60
acetone—water plotted against number of methyl groups. The figures in the brackets denote the
positions of the methyl groups on the phenyl ring.

do not exist as single species amenable to precise dipole moment determinations
but rather as equilibria of azo and hydrazone tautomers?. The position of equilibrium
in these tautomeric systems is dependent on the nature of the solvent and on the
position and character of the substituents.

The relative polarities of the compounds in the three isomeric groups can be
determined by considering the known effects of alkyl substituents attached to the
phenyl ring on the position of the azo-hydrazone equilibrium. Burawoy ef al.3¢ have
shown that methyl groups favour the more polar hydrazone tautomer in the order
z-methyl > 3-methyl > 4-methyl. Thus, the 2-methylphenyl derivative should be
more polar than the 3-methylphenyl derivative and this, in turn, should be more
polar than the 4-methylphenyl derivative. Applying the same reasoning to the di-
methylphenyl derivatives, the order of polarity should be 2,6-dimethyl > 2,5-dimethy]
= 2,3-dimethyl > 2,4-dimethyl > 3,5-dimethyl > 3,4-dimethyl and for the trime-
thylphenyl derivatives, 2,4,6-trimethyl more polar than 2,4,5-trimethyl. Inspection
of Table I and Fig. 1 reveals that the isomers do follow generally the predicted order.
A persistent exception is the 3,4-dimethyl isomer which, while it should show the
lowest Rp value, shows intermediate behaviour.. Bond deformation of the adjacent
alkyl groups may be a factor in this instance. It is particularly gratifying to note that
even in the highly substituted trimethyl derivatives, the effect of altering the posi-
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tion of one methyl group is a small but measurable difference in Rpin the predicted
direction.

Almost all the chromatograms run in connection with this work were performed
on the individual dyes, however, the data which have been obtained could have prac-
tical application in the analysis of aromatic amine mixtures by first coupling the
mixed amines with 2-naphthol. This technique was applied to the amine mixtures
obtained by reduction of several commercial samples of Ponceau 3R. The azoic
component of Ponceau 3R is a mixture of alkyl-substituted anilines including both
methvlated and ethylated compounds. Chromatography of the dye mixture, thus
produced, using 40 :60 acetone—water as the developing solvent readily separated
the major components. Some of the dyes were not separable even with 40:60 acetone—
water, which gave the greatest spread in Rp values. On the basis of the separations
which were achieved in this solvent and the Rp values in Table I, two dyes can be
separated if their Rp values differ by more than 0.001. Since increased resolution
is obtained on decreasing the acetone concentration in the developing solvent, pre-
sumably improved separations could be achieved using a smaller concentration of
acetone than was used in this work, however, the time required for the development
would be rather lengthy. An ethyl derivative, 1-(2-ethylphenylazo)-2-naphthol, was
included among the dyes studied here to see whether it would behave like a mono-
methylated or like a di-methylated compound. Its Rp was similar to those of the di-
methylated derivatives and thus the molecular weight of the compound appears to
be the dominating factor in the Rp value of these compounds. The averaged length
of the spot for each dve after development is included in Table I. There is no signif-
icant difference in these values from one solvent to another and it appears that the
length of the spots is roughly proportional to the distance travelled down the paper,
after an initial rapid lengthening of the spots. Lateral spreading was small except
in the lower 25 % of the paper. Longitudinal spreading could be minimized by the
use of smaller amounts of the dyves. The size of the spot after development is impor-
tant when considering the resolution which may be obtained with mixtures of the
dyves.
‘ SUMMARY

A number of alkyl-substituted 1-phenylazo-z-naphthols were prepared, of which
1-(3,5-dimethylphenylazo)-2-naphthol is reported for the first time, and these were
subjected to reversed-phase paper chromatography using mineral oil-impregnated
papers and acetone—water mixtures as developing solvents. Ry values are given for
thirteen compounds. Ry values were calculated and these are discussed in the light
of present knowledge of the relationship between chemical structure and chromato-

graphic behaviour.
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