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ADSORPTION BEHAVIOUR OF AROMATIC NITRO COMPOUNDS ON - 

SEPHADES LH-20 

By clrtssifying the mechanism of adsorption of solutes to gels into t\vo groups. 
YE__ ionic efkts (ion exchange_ ion esclusion and ion adsorption) and pure adsorption 
(hvdroxn bonding and ir-bonding). _ _ and by considering the gel structure as hydro- 
chloric acid. potas?;ium hydroxide_ or potassium chloride in metht~no! are adsorbed 
on to the @s and the surface of the gel becomes positively charged. the adsorption 
behaviour of dinitrophcnyl derivatives on Sephadcx LH-20 in methanol_ O-05 X 
h>-drochloric acid-methtlr~ol. 0.05 X potassium Ii~droside-iiirtl:ai~ol and 0.05 3 
potassium chloride-methr~i~ol h:tvc been explained. The solutes that have ITO disso- 
ciwive groups interxt with the . gel onlv bv pure adsorption_ The solutes t!lat have 
an :icidic group iiiterxt with the gel bir ion sdsorption under the dissociation con- 
ditions for the solutes _ and those that have :I basic group b\- ioa csclusion under 
both the dissociation :uld non-dissocitttion conditions. The& behaviours are com- 
pared \vith those in meth~ln01. 

Benzene or pyridine added to mcthtlnol are assumed to block the interaction 
sites of ~1s and 1w11ce lo\vrr KJ values for the solutes are obtained. The presence t 
of t\vo nitro srotips and h\-dros>-I_ carbosyi or amino groups on a benzaw rins trho~v< 
the potenti;ltion etkt of adsorption to the gel. The dissociative groups fa\-our the 
ionic effects_ which are greater than the sieving etl~ect, A nitro group is assumed to be 
adsorbed to the gel by hydrogen bonding and this secondary ett;_lct is greater t!lan the 
tnolecttlar sieving ctfcct for Io~~-i~~olec~~iar-~~ei~iht compounds_ 

INTRODUCTlON 

The retardation of dinitrophen_vl:lted lines- niononlers and oligornrrs of poIy- 
amides on Sephades LH-20 \\‘:ts studied under various conditions’. The vr~lues of 
ii,, for some solutes were greater th:m unit: and the addition of an inorganic electro- 
lyte to the sample solution caused estreme retardation. In general. \vhen a solute 
departs from the elution volunx predicted on the basis of molecular skin?_ riz._ 



160 S. AIORI, T. TAKEUCHI 

by apptarmg either earlier or later than espected. some other types of interactions 
between the solute and se! matris must occur. 

Alrhough the molecular sieving properties of gel materials used in gel chroma- 
tography usun!Iy predominate- other types of interactions between solutes and gel 
materials have also been observed when Sephades 1~1s used as the bed materi:l!_ 
Gelotre’ described some adsorption properties of Sephadcs G-25 towards low- 
molecular-lveight substances such as amino acids and tl!ka!oids_ and divided these 
secondary e&cts into two groups_ namely adsorption to the bed materials and super- 
imposed eff‘ects_ Adsorption is related to the structure of the solutes artd superim- 
posed ettixts depend upon the conditions of the run_ ix’._ the ionic strength_ composi- 
tion in and p!i of the eluent. Kwon ’ studied the pH-dependent elution of malonal- 
dehyde on Seplxides G-IO and observed adsorption to the geI rnatris below pH 3. 
Janson discus;sed the adsorption bcfiaviour of some substances on Sephades in 
di!ti_rent solvents and found that hishly charsed substances tend to be escluded at an 
opposite pH range and that the retardation of aromatic amino acids is markedly de- 
creased on the addition of 1 AI p>-ridine. Studies of adsorption plitnomena on Sepha- 
drs have also been made by other \vorkersl’--“_ 

Of the adsorption phenomena_ the aliinity of destran SC! for nroniatic and 

pseudo-:iromatic substancrz is particularly striking irl :xcord:nice Lvith the :t!tinity 
characteristics found for adsorption to crl!u!ox. A planar structure am! an estmdd 

s_vstem of conjugated bonds in the solute fxvour adsorptionJ. The adsorption of 
aromatic compounds to destran gel is presumed to result from thc_x-electron bonding 
bet\veen them_ Jtm<on- stated that in distilled water. the li’,r wlues for acidic xromstic 
substxncc~ are ;I compromise betxveen the txvo opposin, ~1 etkts_ riromatic adsorption 
and ion esc!usion_ and that adsorption increases xith incrcasin, *I salt cc~tict’ntr;ilion_ 

although the ion-cscIusion effect_ \vhich clepcnds on small mncmnt~ of fixed cxrbosyl 
g_roups_ is c!iminated bv the addition of snxtl! :m~ounts of ;1u electrol~tc to the dis- 
tilfed water. He also considered that the increase in aromnric adsorption is cau2;ed 
either by an increase in the number of adsorption sites av:ti!ablc or by an increase 
in the strengh of the interaction due to ;t decrease in the size of the layer of wter 
of hydration which prevents solute-gel interaction. 

The interaction of twomrltic molecules \sith Sephades LH-20 in organic 
solvents has also been studied”. Streuli” found that the adsorption valt.1~2; of planar 
aromatic hydrocarbons on Scphades LH-20 \vere linear functions of the rewn:mce 
energies of these compounds Lvhen methanol \V:K used :ts the c!uent. Hc concluded 
that the interaction bet\seen these aromatic molecuies SIX! the gel involved tllc I- 
electron cIoud_ :md that Le\vis acid-base complcses were formed. Heteroaromati~ 
and polar substituted compounds_ such as phrno!s tmd :tniIines_ m-e more strong!?_ 
adsorbed than predicted from resonance energies. inciicatin, $1 that hvdrogen bonding 
3s weI1 ;I?; rr-bondins !xrticipates in the x!sorption. 

The role of the solsent employed in the solute-gel interaction has also been 
discussed”_ In methanol _ x-bonding predominates. but some resonating species ;irt‘ 
atso able to form hydropen bonds. Dimeth\tlformamide favours sieving. tctrah~dro- 
furrm fkvours hydrogen bonding-. and z-bonding is insigniticant in both solvents. 

The adsorption behaviour of dinitropheny! derivatives on Sephades LH-20 
in several methanolic eluents has been investigated in this \vork and the adsorption 
mechrmisms are discussed_ 
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EXPERIMENTAL 

I 6 I 

The gel used wets Sephades LH-20_ \vhich \vas swollen in the solvent used as 
the eluent for 24 h prior to being packed in a glass column of 100 cm:..: 16 mm 1-D. 

The dry gel weight was 45-46 2 and the height of gel bed was 9 l-93 cm. The eluents 
used were methanol. O-05 N hydrochloric acid-methanol. 0.05 N potassium hydros- 
ide-methanol. 0.05 N potassium chloride-methanol. IO:,, benzene-O.05 N hydro- 
chloric acid-methanol. I);, benzene-O.05 X hydrochloric acid-methanol. 0.Y~ 
dinitrobenzene-methanol and I :\I pxridine-methanol_ Some aromatic nitro com- 
pounds \verc purchased. and others \vere prepared in this lrlboratory. All sample 
solutions \vere between 0.05 and O-l”,, in concentration and l-ml portions \vcre ap- 

plied directly to the top of the gel bed. 
The etlluent was delivered to a flow cell adapted to a Hitachi Model 124 

spcctrophotonieter equipped with an absorbance recorder. The absorbance of 
the etiluent wxs recorded continuously_ The wavelength at \vhich the peak maximum 
of ;I solute \vas 050.7 in absorbance (0) W;IS selected for each sample. I!*,, \V:K 
determined tlsing Blue Destran moditied as follo~~s: 10 nlg of Blue Destrrm \vere 
dissolved in 1 ml of IO”;, sodium hydroxide solution and stored overnight. 0.3 ml 
of dimethyl sulphate \v;ls then added. the solution was stirred for 5 h, the sulphuric 
acid liberated \V;K ncutralised with sodium hydroside solution a‘: soon as possible 
:rnd the solution \v;ls diluted to 10 ml \vith methanol. I’*i \V:K c:llcul:lted from the values 
of I ;,_ the weight of gel and total gel bed volume ( I ;). Other esperimental conditions 
and proccdurc5 \vcre as dcaxibed earlier’ _ 

RESULTS 

The pxrtition cuctticients_ K.I_ of scwral aromatic nitro compounds :tnd other 

ii,! Vr\LL;‘ES FOR \‘XRKIUS SOLUTES ON SEPH_-\DES LH-IO I9 METH:\NOL AND 
.\lETH_-\NOLIC S3LUTIOKS OF HYDROCHLORIC ACID. POTXSSlUXl HYDRONI DE 
AND POT_GSlU.\I CHLORIDE 
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related aromatic compounds in severrll eluents are listed in Tables I and II. The 
IV,/ values were calculated using equation 

where I*-,- is the elution volume of the solute_ I,-,, is the L-oid volume of tile g-t‘1 column. 

and iii is the inner volume of the column_ In order to discuss the etkct or ;t nitro 

_rroup and other substituents attached to a benzene rin, ‘7 on the adsorption to the gel 

wme compounds tfx., *= do not have a ni:ro substituent \verr aiso examined. 

In spits of the ?;imilar molecular xveights of ihe tiiniirophsnvl clcri\:tti\-es 

c.xtmincd. large difkences in A’., values \vere obserwd. 13cl;idcs the suh~tituents on 

the dinitrophenyl ring_ the properties of the eluentr :tfs;c> intlucnccd the K,; xtlus~ 

Depending on the type of substituent I\-ith \\-liich ;I h>-drogen am11 ofwdinitro- 
benzene is replaced_ the & values fiar 2_iZ-di~~itrophen~l dt‘rivatives incre:tse in the 
l-ollo\ving order: 

H--CH3--OCIH, <-NH(CH,),COOH<-OH==-COOH<-SH2 
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Brook and M~nday’~ found that the adsorption by Scphades destran gels of m- or 
/,-moiiosubstituted phenols_ mikes and benzoic :lcidS can be correlated by the 
Hammett equation_ They also su,= **“ested that the benzene deriva:ives might be ad- 

sorbed to the hvdt-osyether cross-linking groups by hydroscn bonding_ III the case 
of the nz-dinitrobcnzene dcriva:ives. the Hammc:t equation cannot be correlated \vith 
the adsorption behaviour. bemuse the ortltc~ elect betwem the substituenr and one 

nitro group tit the IJI-IIW position of the substituent should be considered. 
The h’,, values for ?_a-dinitrotoluene and 1_4-dinitrophcnctole arc similar to 

that of/lr-dinitrobenze~ie_ 3s the mcth!l and ethos): grot!ps have low e1ectroncSativititl.i 
and hydrogen bonding to the sel is !@igib!e. C!rbosyl and hydrosyl g-mp~ are 

more clxtro:!trr:!ctive and have higher eiectrwt=.. t xtl*lfivities_ The higher IV,, GtI!!es fw 
2.1-dinitrobcnzoic acid and ‘_~dinitrophetloI x-e due tc> this higher electro!:eytivit_\ 
and the partial dissociation of these g ror!ps ii1 meth:!nol_ The i:l:lucnce of these groups 
on the AL values of derivatives is S~ONI~ in Table 111. The increases in K,;;I ca~~secl hy 

the si!bstirution of t\vo nitro = &up~ l-or hvdrogen :!tmns in the benzene rings of ben- 

zoic acid :!nci benzo~l:!minoc~!proic r!cid ;!Te identic:!l. This increase is larger than 

that otxerwcl on the sub~;titution of t\vo nitro group?; into bwzene. The increase in 
AI, values upon the substitution of a carbosylic :!cid ;!nd t\vo nitro gronps into benzene 
is grea!cr ~h:!n rhc SLII~ of tht- increasc2; observed upon separate substirurion of a car- 

borylic y-oup and t\vO nitra gro!!ps ink3 benzene. 13oth ;! nitro _. ~=-oitp a&i 3 carbo.s>-1 
~wi~p ;!re elcctro~tttr~lcii~e. -_ and u4icn both t\vo nitro _ *wmps and :I cnrbosb-1 group 
:!rc inrro~!!c!cci rhe hydrogen bnnding is i!icre:iwii due to the p~>t~Ilti;Itioil eXecr. 

T.-\iJLE III 

In methttnol. the K,I value for bcnzo?-lamitiocriproic acid is louver than that of 

.--ami!iocaproic acid. suggesting thar this compound L!riliz+s the molecular sie\*ing 
rffrct more than rhr adsorption proca;?; \virh rr-electrons of the benzene ring and 
the gel. When two nitro groups are substituted for t\vo hydrogen atoms in rhc benzene 

riug of benzo~laminocaproic acid_ ths I\‘,/ value increaws considerably o\ving to the 
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hydrogen bonding of the nitro groups with the gel. The increase in the K,;r value in 
this instance is identicai with that for 2.4dinitrobenzoic acid. 

The influence of amino _ ‘soups on the adsorption process (kr-phenylenedi- 

amine) is greater than that for nit& groups @z-dinitrobenzene). 

The changes in K,I vaiues observed upon changin= cx the eluent from methanol 
alone to O-05 N methanolic solutions of hydrochloric acid_ potassium hydroside 
and potassium chloride are shown in Table IV_ The effects c~ln be cl:Lsl;itied in sis 
categories: 

(a) IS,! vaIues for solutes that have no dissociahie groups are unchanged (ben- 
zene_ nitrobenzene and dinitrobenzene). 

(6) li,r values for compounds that have an acidic group decrease in the acidic 

cluent and increase in the alkaline and the neutral eluents (dinitrophenol_ dinitroben- 
zoic acid and brnzoic acid)_ 

(c) With dinitrophenylamino txproic acid :md benzo~faminocaproic acid_ \vhich 

have longer chains_ the hk LAPS a-e u;xh:uqxd in the acidic eluent although they 
have an acidic group. 

id) K,, values for r-aminocaproic acid decrcasc in ii_\-drochloric ;iciJ---mcthnnol 

Uflchangxl Iknzr‘nz Iktzenr 
Nitrobenzene Xitrobm-ucnc 
m-Dinitrobrxcsw m-Dinitrobenzme 
I.-t-Dinitrolnilina 2,2-Diilitro3nilitlr 

I.~-Dinitroph~nstols~l~ 
I.-l-Dinitrophm_\-l- 

aminocapri~ic acid 
f~~nzo~ltin~ino~prois~cid 

I ncrcascd I.~-Dinitroph~nctol~ 
I.-l-Dinirrophcnyl- 

tttninocaproic xid 
R~nzovIatliinoc3proi~ acid 

I.4Dinittophenol 
I.-?-Dinitrobmzoicxid 
P-.L\minoctproic acid 

Brnzaic scid 

Dscrmsisd 2.4-Dinitrophsnol 
I.-&Dinitrobenzoic acid 
a--Atninoctproic acid 
Bsnzoic acid 
nl-I’hen~lrnsdiJmine nr-Phen~lcnedirtminr 

Brnzoic acid 

Y-.-\minoczproic ncid 
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and potassium chloride-methanol and increase in potassium hydroside-methanol_ 
(e) IV,, values for dinitroaniiine are unchanged in these eluents and those for 

nz-phen;lenediamine decrease. 

(f, Ki values for LLCdinitrophenetole increase in the alkaline eluent and are 

unchanged in other eluents. 
The results for the behaviour of acidic aromatic substances in potassium 

chloride-methanol support Janson‘s theorya. but it is impossible to explain other 
phenomena v.Gth his theory_ In the studies by Jxnson 1 and Eaker and Poratb”_ 
the probable role of the solvent. which NXS lvater when Sephades G-10 and other 
unmodified destrm geis were used_ WK stressed_ The :tpp:trent in:tdequ:tcy ofJ:mson‘s 
theory in our study is probably due largely to the fact that the solvent and the gel 
are not water and Sephades G-10 but methanol and Sephades LH-20. respectively. 
III order to esplain the reverse elution behaviour \vhen an electrolyte is included in 
the eluenr_ the suggesrions of Gelotre’_ Streuli’O-l’ and Brook and Mundtl_v’3 011 

adsorption bchaviour arc insufficient. The organophilic Scphades LH-IO gel might 
be more polar than the solvent. methanol_ in \vhich c;we polar solures might be ad- 
sorbed through b~drophilic interactions and. by addin, 17 an electrolyte to mrthanol. 
the polarity of the eiuent might increase with respect to the gel phase. Ho\vever_ 
this hypothesis is still insutiicient in order to explain the behaviour of solutes such 
as dinitrobenzcne \vhicb do not have any dissockrive group and rile L values of 
\vhich were unchm~grd in the four elue~lts used. 

The elution behaviour of the solutes in group (a) indicares rhat the srrengrhs 
of hvdrogcn bonds and _x-bonds bcrwcen rhe solurrs and rhc gel do nor \ary when 

hydr&Soric acid_ potassium hydroside or potassium chloride \V:LS added to meth- 
anol. implying there is neither an increase in LIK number of adsorption sites 
of rbc gel nor a decrease in rhe size of the Iaver of bydr;ition lvhich migbr prevent 
solute-gel interactions_ The elution brhaviour of solutes in group (yb) in potassium 
hvdroside-mrth;tiiol and potassium chloride-methanol can be explained by the 
chanSc in the solure-gel inrerxrions due to rhe dissocinrion or the suppression of* 
dissociation of the acidic groups_ but that in potrtssium chloride-meth:liiol cannot 
bc esplained by the dissociation-non-dissociation theory_ The elution behaviour of 
the solutes in potassium chloride-merh;unol should be the samt x as that in merhanol 
alone if the increase in K,i;r v~tlues \\;Ls caused by the dissociation of the acidic groups. 

It might be appropriate to consider that the structure of the se1 itself might 
be alrered by rhs addirion of h-drochioric acid, potassium hydroside or potassium 
chloride to meth:mol_ It may be postulated that hydrochIoric acid. potassium hydros- 
ide or potassium chloride in the eluent interacts with the residual hydrosyl group 
in rhe gel through hydrogen bonds of rhe following types: 

H”+_CIS-___ HA+ _o”-_gcl 

Kay-o”- .-- H”T_O”-_@ 

I 
Hj’ 

KA’_Cla- ___ Hj’_OS-_ge, 

As a result of these hydrogen bonds. the outside of the s_el becomes positively 
charged in all rhree instances. 
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\Vith regard to mechanism_ the adsorptive effects can be divided into t\vo 
c!its>its; (I ) the ionic etl-ects ir;volving electrostatic interactions including ion exchange_ 

ion csclusion and ion ttdsorptio’nr and (2) the pure adsorptive effects involving hydro- 
gen bonding and rr-bonding_ The data in Table IV might be explained on the basis of 
the se!-hydrochloric acid (potassium hydrosidc or potassium chloride) interactions 
suggewxi above_ toSeth& with the t\x-o mechanisms for the adsorption of soiutcs on 
to gels. 

The solutes that have no dissociable groups are adsorbed to gels onl~r by rxwc 
adsorption in the thrry eluents. The solutt’s that have an acidic group are inhidited 
from dissociation in hydrochloric acid-methanol and the ionic e!kcts due to the dis- 
sociation are neglected_ so that the clution of the solutes occurs earlier than in me- 
thanol. These solutes dissociate in potassium h~droside-mrth:tnol or potassium 
chiorids-methanol and the delay in the clution of the solutes due to the ion adsorption 
bstvxun the ion and ihe gel increxes markedly_ The soIutcs that h:ive ;t basic group 
are positively- charged in hydrochloric acid-methanol and potassium chloridc-mc- 
th:mol and cshibit the ion esclusion e!kt_ \vhich persists even in potassium I~ydroside- 
mcrhanol_ Several solutes behave simiiarly in potassium chloride-meth:l:io!_ hydra- 
chloric xid-methano! and potassium hydroside-methanol. and in a difl‘ercnt 
manner to that in methanol alone_ indicatin, cx the occurrence of ion esc!usion or 
ion adsorption between the solutes and the gel_ The obscrwtion that the KJ 

values for dinitroanilinc are almost identical in three elucnts can be espluincc! on 
the assumption that the ionic eifects are absent o\t.in, 0 to the formation of a chclatc 
ring by hydrogen bonding between an amino group and the nitro group in the 
lli-IhlJ position_ We assume from the theoF mentioned above :rnd the fact that the 
ii,1 \a!ties for r=-aminocaproic acid in hydrochloric acid-methanol and potasGum 
chtoride-methanol are similar that the carbosyl group in :-.-aminocaproic acid does 
not dissociate in mtth:mol or in potassium chloride-methanol_ that the amino 
youp 60~5 dissociate_ and that the ion csclusion ctkct occurs in potassium 

chloricle-rn~th~rlio!_ The resu!ts discussed are summarized in Table V_ 

Hydrogen bonding and bonding by coulombic force arc local adsorptions_ and 
the saturxion of adsorption by such bonding is determined by the number of inter- 
action sites on the gel surface. The addition of aromatic compounds such as 02 ;V 

sodium salicylate to the eluent in order to saturate the interaction sites in the gel wxs 
reported to be rather inetTective’_ However_ dinitropheny! amino acids are rluted later 
than the free amino acids in phenol-acetic acid-water Cl :I II) eluent and earlier in 1 .I/ 
pyridinc c!uent_ Further_ the interaction of the gel \vith :tromatic compounds \vxs 
assumxl to be completely e!iminatediL. 

if specific groups in the gel we assumed to act as the adsorption sites for solurcs. 
;tn appropritltr me:~ns of preventing these interactions is to block the sires \\-irh other 
compounds_ No ditfercnces in IV,! values were observed on addition of I”,, of benzene 
or 0_5”,. of dinitrobrnzene to methanol_ Ho\vever_ the effects of the addition of 
lo”,, of benzene or I AZ pyridine to methanol might be ascribed to blockage or “sat- 
Uratiori‘- of the adsorption sites of the gel (Table II). Apparently the sites for _7- 

bonding with solutes xc blocked in IO:;, benzene-methanol and the sites for hy 
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drogen bonding in 1 AZ pyridine-methanol. These secondary effects are not com- 
pletely eliminated by the addition of IO?:, of benzene or i M pyridinc as the KC< values 

are still greater than unity. 

TABLE V 

MAIN SECONDARY EFFECTS CONCERNED IN GEL-SOLUTE INTERACTION FOR 
ADSORPTION 

Abbreviations: P.A. = pure xlzorprion: I.E. = ionic cni-cts; h1.S.E. = I~~OI~CL~li~r siwing c!fccr. 
--____ - 

C~USSi- SdMC EhUIU 
ficzrriorr ___-____ ..__ .---____... _..- 

.IlLdumld HCI- KOM- A-CI- 

rlrPrlIumll ntdtrrlIoI lm~riltrrrcd 
__~~_ 
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