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CHROMATOGRAPHIC BEHAVIOR OF SOME QUINONES AND RELATED COMPOUNDS

Chrometographic separation, since it wes first described by Tswett
in 1906, has become one of the most important techniques for the resolu-
tion of mixtures, and, in many cases, the only one. The resclution of
stereo-isometric mixtures into individual isomers, the isoclation of new
compounds from mixtures supposedly pure, the'concéntration of substances
- which oceur only in trace emounts in materials, and tﬁe parification and
check for purity in the standardization of commercial products are well
knovm apﬁlications of chromatography.

The literature on chromatography has become very extensive in the
rast few years, but felatively few references are found regarding
quinones and their related products. Isomeric nitrophenols have besn
separated on célﬁmns of alumine and calcium carbonate, where these com-
pounds produced bands in the order of their adsorbability- pera, mets,
and oftho, with tbe first being the greatest (22). The separation and
purification of Vitemin K, (2-methyl-3~phytyl=1,4=-naphthoquinone) (6,8)
and fhe isclation of phthiocol (2-hyg£9xy-3-methyl-l,4-gaphthoquinone)
by Wegner-Jauregg (36), were accomplished chromatographically from the
cfude products. Both the synthetic and natural tocopherols, which are
_considered as derivatives of hydroguinone, have been purified and
separated into the alphe, beta, and gamma isomers by chromatography.
(13, 14, 15, 20,121, 35). Boletol, isoboletol, and chrysophanol, all
anthroquinones,_wer@ separated from their crude products by this pro-

cedure (50),
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Most of the chromatography with the quinones and their related
hydro%y compounds hes been done with the addition of easily removable
groups, generally chromastophoric in nature. W. Bielemburg and co-
workers (2, 3, 4, 5) separated a.great m@ny hydroxybenzenes, such as
phenol, catechol, resorcinol, phloroglubinol, crasols, para-xyleﬁol,
carvacrol, thymol, guaiacol; and mmeroug others, by prepering the
diazonium chloride of the pars-nitroaniline of each one and then
cﬁromatographing on alumira, floridin XXF, end tonsil A, C, The
originai hydroxybenzene wes regenerated after separation waes effected.
Separation of resorcinol, catechol, and phlorogiucinol has been accom-
plished Ey treating the aqueous solutions with ferric chloride and
chromatographing the deeplyAcolored solutions (50). Mono~- end di-acetyl
ethers of duroguinéne were separated on an alumina column from a benzene
solytion, the mono-etﬁer séing adsorbed by the column, the di-efher pags=
ing into the percolate (19). Ruggli and Jensen‘found the sodium salt of
2«=hydroxy~nephthol=4=gulfonic acid more strongly adsorbed than the cor-
responding salt of l-hydroxy-naphthol-4-sulfonic acid, and the same
order wag true for the dye derivativeg of alp@a and bete naphtol (28,29).

The structure of theAmnlecule is very importent, since adsorption
, affinify appearé‘to be dependent upon its shape and the presence or
absence of certain groups in the compound. Such groups are called func-
tional groups, and their position end number profoundly affect the
edsorption of a compound. 1In order to systematize the~methods of chroma=-
tographic analysis, more information relating the behavior of a compound

to its chemical constitution is required. Therefore, the following




problem was undertaken with the hope of contributing additional infor-

mation to this type of analysis.,

Materials and Experimental Procedure

The solvehts used for this project were hexane, absolute alcohol,
and distilled water., Skelly-solve B, procured from the Skelly 0il Co.,
Bartlesville, Okla., was used as a source of hexane. It was purified
by passage thru a large Tswett tube, 120 cms. long and 4 cms.,vwide,
containing freshly ignited silica gel, and the percolate was collecﬁed
in 2-300 ml. lots., BEach lot was examined sépargtely'for transparency
down to 230 millimicrons on a Beckman spectrophotometer and & trans- |
perency of és‘per cent was considered satisfac£dry. Approximately one
liter of hexane could be obtained from one charge. The alcohol wasg ob=-
tained in five gallon icts from the Stores Department of Michigan State
College, and redistilled- before use. The resulting product had an
acceptable trénsparenqy.

Various mixtures of these solvents, used for adsorption and elution
are indicated in the tebles and figures by the mumbers in the brackets
following the statement of the solvent mixture. Thus hexane-ethanol
(98=2) means two per cent by volume in the hexans.

The alisorbents wefe activated alumina, florisil, magnesium,silicété,
and anhydrous sodium sulfate crystals. The elumina was the Alcos brand
nﬁnus 80 mesgh, pfoduced by the Aluminum Ore Co., Bast St. Louis, Ill,
The activity was not determined, as the same lot was‘used for all the

experiments. The florisil, 60/100 mesh was supplied by the Floridin Co.,




Warren, Pa. The magnesium silicate was furnished by the Philadelphis
Quartz Co., Berkeley, Cal. The anhydrous sodium sulfate érystals'were
parchased from the J. T. Baker Co., Phillipsburg, Pa.

The adsorption apparatus originally used was the simple type Tswett
tube, After & few preliminary experiménts, this was abandoned'in favor
of a Henﬁessy tube, having a 25 ml. reservoir, and a six inch tube, with
a capillary tip, obteined from Wilkens-Anderson Co., Chicego. The advan-
tage of this tube over the older type was the very small quantities of
adsorbent required to provide a column of adequate length. The tubes
were filled inbthe'following wey: small glass wool plugs were tamped
down, the‘adsorbent was édded in small portions, the tube tapped oh the
table to pack the material after each addition, and a small glass wool
plug placed on top., The reservoir was wiped clean of any adhering ad-
sorbenﬁ. The amount of adsorBent used was not measured, but in as mch
as the tubeé were filled to approximately the same level each time, the
variation in the different tubes was slight. They required approximately
one gram of florisil and 1.6 grams of alumina,

Becauée preliminery experimeﬁts showed that meny of the compounds
being chromatographed-were affected by I;ght, the procedures were carried
out in low actinic glassware, preferably the red glass of the Corning
Glass Co., where it waé evailable. Holders fof the Hennessy tubes were
made by cutting éhe bottoms from large brown bottles with n#rrow necks,
into which the tubes were set. Covefs for the reservoirs extending above
this neck, were made by cutting the tops from smaller brown bottles, and

placing them over the tube and neck of the large container, Similarly,
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large bottles from which the bottoms had been removed, were stoppered
and sefved as bell-jafs, under which light sensitive substances could.
be kept,

The liquid chrometogram was used, and the filtrate was cocllected
under the brown jar in volumetric flasks into ﬁhich the cépillﬁny tip
of the Henﬁessy tﬁbe had been fitted, Either ten or twenty-five ml,
glass-stoppered flagks were used. Thé adsorption spectrum was obtained
for each fraction in order to determine the amount of elution of the
adsorbate and to observe any changes in structure that might have occur-
red during adsorptiom, Suitable blanks were made in exactly the same
way, using the same procedure with the solvents alone,

Ab#orption carves for all the compounds‘iﬁ the vérious solvents
used were oﬁtéined by plotting the wave-length against the extinction
values determined with the Beckman quartz spectrophotometer, for the
rénge of 230~300 miilimicrons,‘using quartz cells., Concentration curves
were made at the wave-length showing meximum ebsorption by plotting the
extinction values obtained for various concentrations apgainst those con-
centrations. A straight line was obtained, from which concentrations of
unknown sclution strength could be read.

The compounds chrometographed were: menadione(2=methyl-l,4-naphtho-
quinona), phfhiocol(2—hydroxy-5~msthy1-1,4-naphthoquinone), both from
Merck and Co., New Ydrk, and used.withbut additional purification. The
other compounds manufactured by the BEastman Xodak Co;, Rochester, N, Y.,
were recrystallized from hexane: alpha-naphthol, beta~-naphthol, ortho-,
msta-, and para-dihydroxybenzene, 1,2- and l,4-naphthoqﬁiﬁone, 1,3=-naph-

thoresorcinol, and quinons.




. Results

1. alpha-naphthol, This product waes completely adsorbsd from a
hexane solution by florisil eand alumine, and was not eluted from either
column by washing with this solvent. The addition of one per cent
ethanol produced a very rapld elution from florisil and a slightly slower
one from alumina (Table I). In both cases, practically complete recovery
. was obtained. No change was observed in the absorption curve of the
" naphthol, following adsorption and subseguent elution, when it was com-
pared to thet obtained with the same solvent (Fig. 1).

2. Beta~naphthol, The behavior of this compound was almost"'exact‘ly
the duplicate of the alpha-naﬁh’chol, except the elution occurred more
slowly from both florisil and alumine (Table I). No chenge in the absorp=-

tion curve of the eluted meterial compared to that of the nephthol in the
| same solvent was noted (Fig. 2).

3. Ortho=-dihydroxybenzene or catechol, Thi‘é compourd wes readily
e..dsorbed. from both activated alumina and florisil, It was very slowly
eluted from florisil by hexane containing one per cent ethanol, but much
more rapidly when two per cent was used, When the hexane contained five.
per cent athanol, about 80 per cent of the adsorbed material was removed
~in the first volume (Table 2)‘. The recovery was practically complete,
and no change was found in the compoundv.,ﬁ as shown by the absorption curve
(Fig. 3). Catechol was slowly eluted from alumina with hexane-ethanol
mixtures, more rapidly with ethanol, but very rapidly if five per éen‘b

water was added. The compound was not changed by the alumina,
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It was observed thet there was a slight variation in the absorption
curves of the freshly prepared solution of catechol in hexans, and ths
same solution after it stood for several weeks, (Fig. 4). The minimum
at 280 and the slight meximum at 282 millimicrons of the freshly prepared
solution disappeared and only a wide shoulder remained. The effect of
light was excluded, since the solution was kept in red glassware.

4, Meta-dihydroxybenzene or resorcinol, Resorcinol is completely
adsorbed from hexane and hexane containing one per cent ethanol by flori-
sil and alumina, It was eluted from florisil with hexane containing two
per cent ethanol, but more slowly than catechol; when the concentration
of ethanol was increased to five per cent, the elution was mich more
rapid, but still less than thet for catechol (Teble 2). No elution was
obtained from alumina with eny ethanol-hexane mixture tried, but ethanol-
water (five per cent) mixtures proved effective eluants. The compound
was not changed by adsorptlon and subsequent elution as evidenced by the
absorption curves, (Fige 5)e

5, Para-dihydroxybenzene\or hydroquinone. Because of the slight
solubility of hydroquinone in kexane alone, ethanol was added to make its
concentration in hexane two per cent, thus insuring that an adequate
amount of hydroquinéne'was in solution. If less than this amount was
used, it was observed that long nesdle-like crystals extending out into

the solution from the sides.of the container, appeared on standing.

Exemination showed these to be pure hydroquinone, which did not darken
on exposure to light as rapidly as did the original solution. This method

was used to obtain pure hydroguinone for ths experiments.




Hydroquinone that hes been adsorbed on florisil, magnesium silicate,
or sodium sulfate crystals, was readilyveluted by washing the column
with the solvent mixtures. The compound was unaltefed ag shown by the
absorption curves (Fig. 6). The amount adsorbed from solution and the
volume of soléen% required for elution depended on the ethanol comcen-
tration., With florisil, practically all the hydroquinone was removed
from a two per cent ethanol solution and it required 100 ml. of this sol=-
vent for elution. If the sethanol concentration was increased. .to five
per'cent, only 40 ml, were required (Table 3). With sodium sulfate crys-
tals, magnesium éilicate, and super-filtrol (Johns-Manville Co.), very
little was retained from a solution containing five.per cent or more
ethanol, and this 1little was eluted wi'ch the first volume of eluant,

When activated alumina was used as the adsqrbent,.the results were
entirely different., The hydroquinone was completely adsorbed from the
two per cent ethanol solution, none appearing in the percolate. As the
column was washed with the solvent mixture, however, the eluate was found
to contain some substance with an absorption curve entirely different
from that of the hydroquinone, vWith the seventh volume’of the solvent

mixture, very little of this maﬁérial was extracted, and the totsl amount

thus recovered repressnted about 18 per cent of the total amount adsorbed.
The column was then eluted with ethanol. When this eluate was examined -
with the spectrophbtometer, it was found to be hydroquinone. Similar
results were obtained with an alﬁant containing five per cent ethanol,
(Table 4)., If, after the hydroquinone had been adsorbed on alumina, it

was eluted with & solvent mixture containing twenty per cent or more
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ethanol, then only hydroquinone was found in the eluate, according to
spectrophotometric analysis, (Fig. 7).
| 6. Quinone, After a number of compounds had been examined, it was

determined that this unidentified substance eluted from the ;lumina
column on which the hydroquinone hgd been adsorbed, was quinone. In
Fig. 7, it is seen that the substance eluted from the alumine has an
identical absorption curve to that of quinone. A series of experiments
wasafhen carried 6ut'wi%h-quinone, similar to those with hydroquinons.
It was determined that if the héxane eontained two per cent or more
ethanol, quinone was eluted as such readily from florisil and sodium sul-
‘fat; crystals, If the eluaﬁt.contained‘but ons perAcent ethanol, then
only about 75 per cent of the quinone could be eluted from the florisil,
In order to recover the remaining 25 per cent, ethanol was used 'as the
eluant., When examined spectvophotometrically, thi#ffraction was found
to be hydroquinone, (Fig. B8).

Analogous results were obtained with alumina, Adsorbed guinone
was eluted with mixtures containing 25, 50, 75 per cent ethanol in hex-
ane, and ethanol. = As the e£hanol concentration increased, the absorption
curve gradually changed 1ts shape from that characteristic of quinone to
that of hydroquinone, (Fig. 9). An alcoholic solution of quinone was
percolated thru an alumina column; fhe percolaﬁe hed a hybrid-shéped
absorption curve, bﬁt that of the ethanol eluate was almost identical
to that of hydréquinone, except the reximim was still slightly displaced
towards the lefh (Fig. 10).

Te 1,2anaphthoquinone. This compound was completely adsorbed from

hexane by florisil, sodium sulfate crystals, and alumina. As the

9=




concéntration of ethanol in the solution increased, the amount adsorbed
decreased. The material eluted from florisil and sodium sulfate had
the same absorption curve a8 the original solution, showing the material
wes unaffected by adsorption (Fige 11). The eluate from alumine did
show a slight difference, in that the maximum at 251 millimicrons wes
depressed below that at 246, and was rounded rather than sharp as in the
original (Fig. 12). |

8+ 1l,4-naphthoquinone. This compound behaved very npch like the
preceeding one. It was adsorbed from hexane by florisil, sodium sulfate
crystals, and aluﬁina, bﬁt not by the first two, if two per cent ethanol
was present in the hexane. Naphthoquinone eluted from florisil with hex~
ane containing two per cent ethanol was unchanged, except its adsorption
‘curve was flattened at 241 millimicrons, (Fig. 13). This same flatten-
ing was also observed in this region when the compound was dissolved in
heﬁane which contained four per cent ethanol (Fig. 14)a

If this solution contéining two per cent ethanol was chromatographed
on alumina, 81 per cent was recovered in the percolate, and was unchanged
by its contact with the alumina, as it passed thru the column. The por=-
tion adsorbed by the column was eluted by additional volumes of the sol-

vent. The absorption curve of this eluate was considerably changed, in-

dicating that this compound had undergone some changes in constitution,
similar to that experienced by hydroquinone. When the elution was car-
ried-out with higher concentrations of ethanol, the absorption curve tended
to be more like the originel curve, (Fig. 15).

9. 1,3-naphthoresorcinol, Like tﬁe previous compounds, this one was

@lso completely adsorbed from hexane by florisil, sodium sulfate crystals,



and alumina. It vwes eiuted from florisil and sodium sulfate with hexane
containing two per cent or more ethanol without changa.

It was also completely adsorbed from a hexans solvent containing
high concentrations of ethanol by alumina, and was not eluted by any of
these mixed solvents, until the ethaﬂol concentration was 90 per cent,
and then the elution was slight. With ethanol, the elution increased
somewhat, but if 10 per cent water was added, the elution was rapid and
complete. The absorption curve for this eluate was very different from
that of the original solution, but very similar to that of 1,3.naphthore.
psorcinol in 90 per cent ethanol, (Fig. 16). An aqueous solution of
this compound was percolated thru an alumina column., Some of the mater-
ial passed thru into the percolate, and had experienced some change on
contact with the alumina, (Fig. 17). The adsorbed material eluted by
additional volumes of water, showed even greater changes and closely re-
sembled the eluate obtained from alumina with ethanol,

10. 2-methy1;1,4-naphthoquinone or mangdione. When alumina was the
adsorbent, this compound was removed from hexane, or hexane containing

one per cent ethanol. If more than one per cent ethanol was present in

G

the solution, the material passed thru the column and appeared in the(
percolate, This same cohcentration of ethanol wes sufficient to elute
any of the naphthoquinone that had been adsorbed on the alumina. The
absorption curve of the adsorbed and eluted compound was identical with
thaf of the original solution. (Fig. 18), The same result was obtained

with florisil, sodium sulfate, and magnesium silicate.

-]l



11, 2-hydroxy=-3-methyl=-l,4-naphthoquinone or phthiocol. This com-~
pound was‘completely~adsorbed by florisil, sodium.sulf&te, magnesium
silicate, and alumina, from hexane and all hexane-ethanol mixbtures tried

up to ethanol alone. It was completely eluted from florisil and sodium
sulfate by ethanol, and the absorption curve of the eluate was the same
as that of the original material, showing it had not been changed byr
adsorption and elution., It was eluted very slowly from alﬁmina with
ethanol, but rapidly if iO per cent water was added, or if a onemper cent
ammonium hydroxide solution was used as an eluant.f The abéorption'curve
of the aqueous eluate was entirely different from that of the of'lgin&l
hexane solufion, but waeg identical ﬁith the ammoniacal solution of the
§ompound, (Fig. 12). Magnesium silicate behaved the same way.

The spectrophotometric determination of this eluste can be made in
two weys. Bither the extinction can be determined directly on the alka-
line eluate and comparea to a curve obtained on a solution made by shak-
ing out the original hexane solution with a definite volume of one per
cent ammonium hydroxide; or the alkaline eluate cen be slightly acidified,
extracted with hexane, which recowvers the naphthdﬁuinone quantitatively
and unchanged, and the extinction determined on thiﬁ solution.

It hes generally heen recommended that the cdiumn be wetted with the
solvent used for the solution that is to be chromatographed. Some experi=-
ments were conducted to determine the effect of this prewetting. Definite
volumes of a solution such that the solute was completely adsorbed, wers
percolated thru a prewetted snd dry column of the adsorbent. The adsorbed
material was then eluted with a suitable solvent and collscted in volu-

" metric flasks (10 ml.,). The concentration of the eluted material in each
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fraction was defermined spectrophotometrically. There wes no difference
in the total amount eluted, but the distribution in the different frac-
tions varied greatly (Table’5).

Discussion

The liquid chromatogram was used to determine the behavior of eleven
compounds on several different adsorbents, and the course of adsorption
and elution was followed with the Beckman quartz spectrophotometer. The
compounds studied were: alpha- and beta=- néphﬁhols, ottho-, meta-~, and
para=dihydroxybenzene, quinone,-l,z- and 1,4-naphthoquinone, 1,5-naph-
tﬁorésorcinol, 2-methyl-1,4-naphthoquinone, and 2-hydroxy=-3-methyl-l,4-
naphthoquinone, The adsorbents were florisil, écdium sulfate crystals,
magnesium gilicate and activated alumina.

When alpha and beta naphthols were adsorbed from hexane on florisgil,
they were completely eluted by hexane containing one per cent or more
eﬁhanbl, without any change. The same was true for these compounds ad-
sorbed on alumina, but the elution was somewhat slower (Fig. 1, 2)s The
‘beta form was edgorbed more strongly than the alpha, and thus wes eluted
more siowly; in‘other words, more volumes of eluant were required to
elute it completely (Table I). This greaster adsorbability is due to the
substitution of the hydrogen in the beta position. It has been sho?n by
previcus workers (28, 299, that if e hydroxyl or amino greup occupy the
beta position, salts of the naphtho-4-sulfonic ecid are more strongly
adsorbed than if such groups are in the alpha position., This same rela-

tionship is carried over into the dye derivatives of these alpha and
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beta compounds.» Such e difference could be made the basis of & chromato-
graphic separation of these compounds and their derivatives.

The three dihydreoxybenzenes were completely adsorbed by florisil and
alumine from hexene and hexane containing one per cent ethanol. The
ortho and meta forms were eluted from florisgil by two per cent ethanol in
hexane, the orthc compound readily, the mete considerably less so, (Table
2). Neither compound_was changed by adsorption and elution (Fig. 3, 5).
The para compound, on the other hgnd was completely adsorbed from the two
per cent éthanoi solution, but was completely eluted, if e sufficient
volume of the solvent was used. This adsorbebility is in direct relation-
ship'to the di-pole moments of the three compounds, as suggested by
Arnold (1), with the ortho form having the smallest, and the para, the
greatest (23). Under such conditions, separation of the three isomers
could be obtained;

Whenlalumina vas used as the adsorbent, this reletionship no longer
 held. 76Atechol (ortho) and resorcinol (meta) were eiuted as such (Fig.
3, 5)y from alumina with the proper eluant (ethanol fof the former, 95
per cent ethanol for the lattér). Hydroquinone (pera) experienced some
change on adsorption and elution., As is seen from the absorption curves
(Fig. 7), when hydroguinone was eluted from alumina with a non-polar sol=-
vent, containing just sufficient ethanol to produce elution, it wes re-
covered as quinone. As the concentration of'eﬁhanoi was increased, the
ebsorption curve changed in character, until, when ethanol alone was used
as the eluant, the curves showed that hydroquinone had been eluted (Fig.

7)e 1If, however, the hydroquincne was percolated thru an alumina column
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conbaining just sufficient ethanol to prevent adsorption, then the perco-
late contained hydroquinone as such., This indi;ates that contact with
alumina alone is not sufficient to producé this shift from hydroquinone
to quinone; there must be adsorption and subsequent elution, with a non-
polar, or at least, a very slightly polar solvent.

Quinoﬁe likewise experienced similar changes,; Wheﬁ it was adsorbed
on florisil or alumina, and eluted with solvents containing low concen-
trations of ethanol, it was recovered as quinone (Fig. 8). Wheﬁ the
eluant éontained increesing amounts of ethanol, the absorptidn curves of
the eiuates_more and more approached that of hydroguinone, until with
ethanol alone, the curve was almost idéntical with it, (Fige. 9). When
an alcoholic solution of quinone was percolated thru an slumine column,
the percolete, which had had only slight contact with the alumina, shows
a hybrid-type curve, which was neither’that of gquinone nor hydroguinone,
The ethanol eluate on the other hand had almost the true hydroquinone
curve (Fige 10). Florisil reacted similarly with quinoné (Fige 8).

It is not known at present whether these hybrid curves resulted from
mixtures of quinone and hydroquinone, or were the absorption curves of
some entirely different ;ubstances. However, quinhydrone.which is com-
posed of one molecule each of quinone and hydroquinone, did not show
this hybrid characteristic, bgt rather had the two distinct éortions of
the absorption curves of both (Fig. 20). On this basis, it is felt the
curves represent separate'coﬁpounds.

The mechanism whereby this change ocours in solution has been inves-

tigated by Weissberger and co-workers (17, 16, 27, 39), and is considered
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to be as follows: hydroquinone === semiquinones quinone. This
autoxidation pvroceeds in two steps. -

1, The divalent hydroquinone lon 1qses an electron and yields a semi-

quinone ion. 0 0
) @ . 02(01' 02)——-> O . 02 (or 05 )
e | T |

2. The semiquinone ion gives off an electron, forming the quinone.

0 9 '
‘ [:::J + 0, (or 02-) —_— [:::] N 0; (or O;-)
5

0

3. The semiquinone ion is also formed by the reaction of. hydrogquinone

ion with quinone,

9 0
J - U 4
+ = I

~

5 5 5.

This reaction occurs in an alkaline solution with molecular oxygen,
which in this case the alumina could provide, It is kmown that alumina
contains about one per cent sodium oxide, and it has been suggested that
this is responsible for same of the reactions occurring on the alumina(7).
Other workers (30,'31) have reported that that part of the alumina impbr-“
tant fof adsprption can not be ieached out with water. Washing the column
first with the solvent.did not prevent this change, and it has been shown
that the compaund mist be edsorbed by the alumine before the change can
take place, (Fig. 7)

Only a certein amount of the hydroquinone was changed into the

quinone, and was about 18 per cent, as shown in Table 4. The other
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reaction product was either water or hydrogen peroxide, both of whiéhl
are adsorbed by alumina, It had been shown that alumina Aid not Aecom-
pose peroxides nor change them’into other products, merely adsorbed
them (11).

As Weissberger et al (17, 18, 27, 39) have shown, the rete of oxida=
tion decremsed as the concentration of ethanol incremsed. This then,
would favof the formation of hydroquinone, as the concentration of ethanol
wes increased in the solution or eluate.

A second possible explamation for this phenomenon is off ered by

Weitz (40, 41). Many compoﬁnds serve as donors of unshared electrons to
the atoms of the adsorbent possessing incomplete octets. The formation
of.color wpon adsorption from a colorless solution has been explained on
this basis. The molecule thus sdsorbed undergoes extensive polarization
and forms a strongly rasoﬁating structure, which could react wﬁth ad-
gorbed oxygen. It should be emphasized that such changes are found only
in the pare forms, the ortho and meta forms not being affected in this
waey. . The l,4-naphthoquinoné.experienced a similer change, which did not
appear in the ortho form n§r in the 1,3-naphthoresorcinol, The change
did not appear with the 2 methyl, and the 2-hydroxy-S-metﬁyl-l,4-naphtho-
quinones, because of the substitution of the hydrogen on the nmucleus.
It has been reported that the autoxidation of hydroquinone is due to the
activity of the hydrogen atoms attached to‘the mecleus, but disappears
if other groupsrsuch as methyl are sgbétituted (18).

Many igteractions'between adsorbanﬁ and adsorbate are known, To

cite a few of the more recent ones, there is the conversion of 3-formoxy
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steroids to 3-hydroxy steroids,,which-proceeds quentitatively (9, 18,

25, 265; the production of styrene in yields up to 86 per cent by the
vapor-phase dehydration of méthyl-phen&l-carbinol (38); both with
alumina columns. The interconversion of the stereo-isometric stilbenes
on neutral filtrol to the extent of 11 per cent (4B, 49); the isomeriza-
tion of olefins by silica gel (16); the almost complete isomerization of
pinene to polyterpines on Fuller's earth (12) show that this reaction is
not found on alumina columns dloné; other adsarbents also possess this
quality. In general, the elimination of alcohol, water, or a hydrocerbon
radieal, the liberation of & base from a salt, the conversion of one

salt into another, the splitting of addition compounds dimerization, and
polymerization are some of the more common changes that occur on chromato-
graﬁhic colums (32, 33, 34, 36, 42, 43, 44, 45, 46, 47, 50).

When 1,2-naphthoquinone was chromatographed on both florisil and »
alumine with low concentrations of ethaﬁol in solution, the percolate
then conteined most of the compound, and the rest was easily eluted,
unchenged, with the first volume of solvent (Fige. 11). The only change
observed in the absorption curve of this compound was e 1owe;ing and
rounding off of the meximum at 250 millimicrons by péssage thru the alumina
column (Pig. 12).

The 1,4-naphthoquinone adsorbed from hexans by florisil, was eluted
ﬁnchanged except for the flattening of the curve at 241 millimicrons
(Fig. 13). A four per cent ethanol in hexane solution of this naphtho~
quinone showed the same flattening in this érea, and after adsorption

and elution, it had no further change (Fig. 14). When this solution was
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passed thru an alumine column, the percolate also had this slight flatten-
ing; but the adsorbed material eluted from the column by hexane with low
concentrations of ethanol was altered to the extent #hat the absorption
curve wes shifted towards the shorter wﬁve-lengths (Fig. 15)s As the con-
centration of ethanol in the hexane increased, the curve more nearly
approached that of the material.

The 1,3-naphthoresorcinol was adsorbed from hexane solution by flori-
sil aﬁd sodium sulfate erystals, and eluted therefrom by hexane containing'
two per cent ethanol without change. "Its adsorbability on alumina was so
great that it could not be eluted with any hexane~ethancl mixtures, and
only slightly with ethanol, If the ethanol contained 10 per cent water,
the elution was rapid and complete. The absorption curve for this eluate
varied greatly from that of the original solutién, but agreed very well
with tﬁat of & 90-;;;¢;enéue£ﬁanol solution, (Fig. 16).

Aqueous solutions percolated thru alumina experienced some change on
-contact, but the change Wwas more prsﬁounced after adsorption and elution
(Fig. 17).

This compound expefienced considerable change, when kept in solution
for any length of time; altho not exposed to 1ight. The differences in
the absorption curves of the compound dissolved in hexane, are shown in
Fig, 2l, The curve of the aged solution approaches that of the dihydrbxy-:
benzenes, with-the maximum in the region above 270 millimicgons, but the
curve of the freshly prepéred solution is very similar to that of quinone.

When ethanol was employed as the solvent, this difference in the

absorption curves is still present. Whereas the freshly prepared solution
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hes one maximum et 236 millimicrons, the aged solution shows two - one
at 231, the other at 269 millimicrons, (Fig. 22).

It is not known at present what causes this change, but it is very
probably that it is similay to that occurring with hydroquinone in solu-
tion, with a shift from the quinone to the resorcinol form.

. The 2-methyl-1l,4-naphthoquinone wes adsorbed from hexane by all the
adsorbents tried, but if the solutidn contained five per cent or more |
ethanol, this compound appeared in the percolate unchanged (Fig. 18).

The adsorbed material was easily eluted with solvents comtaining this
amount of ethanol.

The 2-hydroxy-3-methyl-l,4-naphthoquinone was adsorbed by all the
adsorbents tried even from solutions with high concentrat!ons of ethanol.

‘It could be eluted from alﬁmina only ﬁith 90 per cent ethanol or dilute
ammonium hydroxide (37). The eluted material had an entiresly different
adsorption curve from the originael, but was the same as the curve for
the dilute alkeline solution (Fig. 19). The material adsorbed by florisil
was eluted unchenged with ethanol.

2«hydroxy-3-methyl~l,4-naphthoquinone is very stablé ag compared to
‘the g-methyl-1,4-naphthoquinone., It can be exposed to strong sunlight
for long periods without showing any change in the absorption curve., On
the contrary the 2—methyl compound £s>extreme1y sensitive to light, and
marked chanées occur in the absorption, the amount of change varyihg
with the amount of exposure.

This increased adsorbability of the 2-hydroxyhS;ﬁethyl—1,4—naphtho-

quinone mist be due to the substitution of the hydrogen in the 3-positiom,
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As wes mentioned above, 1,3-naphthoresorcinol was adsorbed more strongly
than the 1,2- and 1,4-naphthcquinones, and the meta-~-dihydroxybenzene
more than the ortho- and para- isomers, Vitamin X, which is 2-methyl-
3=-phythyl-1,4-naphthoquinone could ﬁSt‘be recovered from aiumina (8), al=
tho the 2-methyl-l,4-naphthoquinons was not adsorbed at all, if small
concentrations of ethanol were present in the solution., Thus it appeared
thet the substitution of the hydrogen in the 3=-position in the ring is
résponsible for fhiS'increased adsorbability, and not the particular
group that is substituted. |

. The pretreatmént of the column was determined to be of 1itt1§ im=
portance. For one adsorbent, however, the total amount of gdsorbéte
eluted was the same, but the distribution in the different fraction of
the eluate was very different, (Table 5).

A1l these experiments were conducted at room temperatu?e, since it
has been shown that the rate of movement in a chromatographic column is
practically independent of the temperature at temperatures from 25°-35°
e.(24). |

'It should also be mentioned thet anhydrous powdered sodium sulfate
used to dry non-aéuaous solutions showed no adsorptive capacity for any

of the compounds used.

Sunimary
The adsorption behavior of some quinones and their related com-

pounds on several adsorbents using liquid chromatogreaphic procedure

hastbeen investigated by spectrophotometric methods,
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It hes been shown that the behavior of these compounds is determined
by their structurs. Betg—naphtholvhas a greater adsorption than the ‘
alpha-naphthol; para-dihydroxybenzene has a greater adsorbability than
the ortho and meta isomers; the substitution of the hydrogen in the
3=pogition in the ring by other groups, increased the adsorbebility over
the unsubstituted; and hydroquinone and benzoquinone, adsorbed on alumine,
.shift betwéen these two formsvwhen eluted, depending on the concentration
of ethanol in the eluant.

In genersal, adsorben#s such as florisil, megnesium silicate,'énd
anhydrous sodium sulfate crystals did not reacﬁ with any of the com;‘
pounds used with one exception. This exception was the shift of quinone
to hydroquinone when eluted from florisil with ethanol after adsorption.

The same amount of adsorﬁéte waé recovered from a'éiven adsorbenf
regardless of whether it was prewetted with the solvent or used dry, but
the distribution of the adsorbate in the eluate varied.

Possiblqﬁﬁethods of separations of isomers of the compounds used

have been suggested.
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- ‘TABLE I

Elution from florisil and alumira with 10 ml. portions of
hexane-ethanol (99-1) of alpha-naphthol (0.015 g./liter)
and beta-naphthol (0.02916 g./liter)

“Solvent ~ Florisil Alumina
Fraction : % eluted % eluted
Fumber alpha beta © alpha beta

1 97.60 0.38 0.50 0.07
2 2.00 95,00 : 37.00 0.11
3 0.20 2.00 49,20 0.12
4 0.00 . 1.00 13.50 ' 37.50
5 0.00 . . 0,38 0.00 . 31,50
6 = - 8.00
7 ) : 4,50

* Not carried to completion.
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TABLE 27

* Dihydroxybenzenes eluted from florisil by one 10 ml., portion
of hexane~ethanol mixtures, . '

Hexane=-ethanol 7% eluted
mixtures, ° catechol resorcinol hydrogquinons
% by volume (0.0496 g./1) (0.042 g./1) (0.0255 g./1)
ortho meta, yara
100-0 0.0 0.0 0.0
991 0.6 0.0 0.0
98"2 52.4’ 5|2 006
95-5 78.5 19.6 68.5




TABLE 3

Elution from florisil with 10 ml, portions of hexane-
ethanol mixtures of hydroguinone (0.0255 g./1).

Solvent % Hydrogquinone eluted
Fraction hexane-ethanol mixtures
Number 98=2 9545
1 0.6 685
2 B.3 3l.4
3 16,9 0,0
4 26.9
5 26,9
6 13.6
7 3.6
8 1.1
10 0.2

- Total 98.8 99.9

-25-



TABLE 4

Hydroquinone (0.0255 g./l) adsorbed. on alomina. Eluted
with hexane-ethanocl mixtures in 10 ml. fractions., Celcu-
lated as per cent hydroquinone, altho compound is quinone,

Number of % hydroquinone recovered
eluate Hexane=ethanol mixbtures in % by volume
fraction S OB=2 98=-2 95«5
1 3.44 ' 4,99 | 5.04
2 5.04 5.55 5.58
3 4,60 4,27 4,01
4 4,30 - 2,00 2.32
5 0.76 0.90 1,09
6 0.18 0.43 0.90
7 0.10 0.20 0.46
Total 18.40 18,29 19.40
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TABLE 5

T Effect of prewetting the adsorbent in the columm on the elution of
the adsorbate, 10 ml, eluate fractions. And % of material eluted

Adsorbate Concentration Eluate Adsorbent )
g./liter Fraction Florisil Alumina Na,SO,
' -wet dry wet dry wet = “dry
Hydroguinone 0.0255 1 0.19 0.22 76.40 93,80
2 0.75 0.88 22.60 5.80
3 03425 94,19 e~ -
2=-methyl-1,4- » ‘ .
naphthoquinone 0.02048 1 1,95 0.0 77.80 96,40 1,95 B80.BO
2 70.80 1.95 3,60 1,95 95,75 8,70
3 26,50 97,70 ==wu= —m=- 1,95 2,35
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Absorption curves for alpha-naphthol

Alpha-nephthol (0.01547 g./liter) in hexane

Alpha-naphtnol {0.01547 g./liter) in hexanc-
ethanol f98-2)

Eluate of slpha-naphthol adsorbed on alumina
obtained with hexane-ethanol {98-2)
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Absorption curves for bete-naphthol

Beta-naphthol (0.02916 g./liter) in hexeane
Bets-raphthol (0.02916 g./liter) in hexane-
ethanol (98-2)

"Eluate of bete-ravhthol edsorbed on slumirne

obteined with hexene-cthenol (98-2)
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Fig. 3. Absorption curves for cetechol

1. ?atec?ol (0.0496 g./liter) in hexane-ethenol
95«5
2. Fluate of catechol adsorbed on florisil,
obtained with hexane-ethenol (95-5})
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Fig. 4. Absorption curves for cetechol
1. Cetechol (0.0496 g./!iter) in hexene, freshly

. prepared. .
2. Seme solution after severasl weeks storege
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Fig. 5. Absorption curves for resorcinol
1. Resorcinol (0.042 g./liter} in hexane

2. Eluste of resorcinol ad=orbed on florisil,
obtained with hexane-ethanol {98-2)




0.6

0.4

tinction

3L

P
pov

230 250 270 £90
wave length in m mu

Fig. 6. Absorption curves for hydroquinone‘

1. ?ydro?uinone (0.0255 g./1iter) in hexane-ethanol

R 98-2 - s

2, Eluate of hydrogquinone edsorbed on florisil,
obtained with hexane-ethenol (98-2)
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Fig. 7.
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Absorption curves for hydrocuinone

Hydroquinone {0.0255 g./liter}) in hexane-
ethanol (98-2)

Bluate of hydroquinone adsorbed on alumina
obtained with hexane-ethanol (28-2)

Bluate of hydroguinone adsorbed on eluminsa
obtained with ethanol

?uino?e {0.0049 g./liter) in hexsne-othanol
98-2
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Absorption curves for cquinone

Guinone (0.0049 g./liter) in hexane-
ethanol (939-1)

Percolate thru florisil of cuinone in
hexane-ethanol (99-1)

Eluate of cuinone edsorbed on florisil,
obtained with ethanol

Hydrocuinone (0.9315 g./liter)in ethanol
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Fig. 9. Absorption curves for quinone adsorbed on alumina

Cuinone (0.0049 g./liter) in hexene-sthenol (99-1)
before adsorption

Eluate obtsined with hexane-ethanol {75-25)
Eluate obtalned ‘with hexane-ethanol (50-50}
Eluate obtained with hexane-ethanol {25-75)
Eluate obtained with ethanol

Hydroguinone (0.0225 g./liter) in ethenol

( for comparison)
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Fig. 10. Absorption curves for quinone

1, Guinone (0.005 g./liter) 1in ethanol

2. Percolate of quinone in ethanol thru florisil

3. Eluate of gulnone adsorbed on florisil,
obtalned with ethanol

‘4, Hydroquinone (0.0255 g./liter) 1in ethanol
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Fig. 11. Absorption curves for 1,2-naphthoquinone

1. 1,2-nsphthoquinone (0.0063 g./liter} in
hexane-~ethanol {98-2

2. Percolate of 1,2-naphthoculnone in hexane~
ethanol (98-2) thru florisil
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?ig. 12. Absorption curves for 1,2-naphthoquinone

1. 1,2-naphthoquinine (0.0063 g./liter) in hexane-

ethanol (98-2)
. 2+ Percolate of 1,2-naphthoquinone in hexane-
ethanol (98-2) thru alumina
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fig. 13. Absorption curves for 1,4-naphthoquinone

1. 1,4-naphthoquinone (0.0065 g./liter) in hexane-
ethanol (96-4)

2. Percolate of 1,4-naphthoquinone in hexane-
ethanol (98-2) thru florisil
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fig. 14. Absorption curves for 1,4-napnthoquinone

1. 1,4-napnthoquinone (0.0005 go fliter) in hexane-
ethanol (98-2)

¢e 1,4=-nephthoquinone (0.0065 g. /liter) in hexane-
ethanol (96-4)
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Absorption curves for 1,4-naphthoquinone

1,4-nephtnoquinone {0.0065 g./liter) in hexene-

ethanol {98-2)

Eluate of 1,4-naphthoquinone sdsorbed on alumina
obtained with hexane~ethanol {98-2)

Eluate of 1,4-naphthocuinone adsorbed on. .alumina
obtained with hexane-etiaanol { 30-70)
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Fig. 16. Absorption curves for 1l,3-naphthoresorcinol

1. 1,3-naphthoresorcinol (0.00395 g./liter) in hexane

2. 1,3-nephthoresorcinol {0.00395 g./liter) in ethanol

3. Eluate of 1,3-naphthoresorcinol adsorbed on slumina
obtained with ethanol
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Fig. 17. Absorption curves for 1,3-naphthoresorcinol

1. 1,3-naphthoresorcinol {0.00395 g, /liter) in water
2, Percolate of 1,3-naphthoresorcinol in water thru
~ alunina
3. Eluate of 1,3-naphthoresorcinol adsorbed on
slumina obteined with water
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Fig. 18. Absorption curve for R-methyl-l,4-naphtnoouinone
(0.0067 g./11iter) in hexane
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Fig. 19. Absorption curves for 2-hydroxy-3-methyl-
’ 1,4-naphthoguinone ‘ {Phthiocol)

1. Phthiocol (0.00686 g./liter). in hexane
2. Phthlocol (0.00686 g./liter) in 1 % ammonium hydroxide
3. Eluate of phthilocol adsorbed on alumina obtained

with 1 % ammonium hydroxide
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Fig. 20. Absorption curve for quinhydrone (0.009 g./1liter)
in hexane-etnanol (98-2)
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Fig. 21. Absorption curve for 1,3-naphthoresorcinol

1. 1,3-naphthoresorcinol (0.00395 g./liter} in hexane
freshly prepared )

2. Same solution after tseveral months storage




Jeb
- 2
0.6
- 1

Oe4
o
e
o
=}
-
A

(o4

220 240 260 280

dove length in m mu R

Fig. 22. Abgorption curves for 1,3-nephthoresorcino}l

1. 1,3-naphthoresorcinol (0.00288 g./liter) in
ethanol, freshly prepared

2. 1,3-naphthoresorcinol (0.00395 g./liter) in
ethanol, after several months storege




